Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


CI 

^ 

cz 

o 

if} 

m 

fi> 

oo 

a^« 

CD 

> 

■ 

O 

CO 

ST 

CD 

CD 

^^ 

« * 

^^" 

,WI 

en 

tyof 

■■■■■ 

cr 

en 

§ 

o 


/ 


\ 


X a_ 


\ 


i 


ELECTRIC  RAILWAY  HANDBOOK 


ei 


&ii 


McGiaw-Hill  BcxjkCompai^r 

PuSGsAers  cf3oo£s/br 

Electrical  World        TheEngjieerin^  andhfiniqg  Journal 
\uxs^MsevsDf^  Il90cxd  Engitieerind  News 

Raihv^  A^  Gazette  Americaii  Madiinist 

Signal  £ngin€»er  AmertcanEi^gnKr 

Electric  Uaiiway  Journal  Coal  Age 

hfptallurgical  and  Chemical  Engineering  Power 


\ 


I 


ELECTRIC 
RAILWAY  HANDBOOK 


A  REFERENCE  BOOK  OF  PRACTICE  DATA, 
FORMULAS  AND  TABLES  FOR  THE  USE 
OF  OPERATORS,  ENGINEERS 
AND  STUDENTS 


BY 
ALBERT  S.  RICHEY,  E.  E. 

CONSULTING  ENOINEEB,  PROTSBSOB    Or    XLECTBIC    RAILWAY 
ENGINEBRING,  WOBCESTKB  POLYTECHNIC  INSTITUTE, 
lELLOW  OP  THE   AMERICAN  INSTTTUTB  OP  BLBOTBICAL  ENGINEERS 


ASSISTED  BY 

WILLIAM  C.  GREENOUGH,  E.  E. 


First  Edition 


McGRAW-HILL  BOOK  COMPANY,  Inc. 

239  WEST  39TH  STREET,  NEW  YORK 

6  BOUVERIE  STREET,  LONDON,  E.  C. 

1915 


nrw^^ir 


Copyright,  1915,  by  the 
McGraw-Hill  Book  Company,  Inc. 


THB«MAPIiB.PBBaS*TOBK«PA 


194551 

MAY  14  1915  ■ 

STF  PREFACE 

In  the  collection  and  presentation  of  the  material  for  the  Electric 
Railway  Handbook,  the  aim  has  been  to  get  together  in  compact  and 
iVsable  fonn  a  large  amoimt  of  the  information  which  the  electric 
Iway  engineer  frequently  requires,  but  often  finds  only  after  an 
ded  search  through  mechanical,  electrical  or  civil  engineers' 
>ks  or  the  files  of  technical  journals  or  proceedings  of  engi- 
societies.  The  field  of  the  electric  railway  engineer  is  so 
that  such  information  has  necessarily  been  very  much  scat- 
and  progress  has  been  so  rapid  that  a  great  deal  of  valuable 
has  been  available  only  in  periodical  publication^^  where, 
held  by  a  good  index  system,  it  was  soon  lost  to  the  operating 
r.  The  idea  of  a  reference  book  for  the  practical  electric 
iway  man  has  been  kept  in  mind,  and  no  attempt  has  been  made 
?nduce  a  text  book,  although  it  is  believed  that  the  book  may 
'<osefal  aid  to  the  student. 

t  has  not  seemed  wise  to  include  detailed  material  relating  to 
plants  as  such,  as  this  is  a  field  in  itself,  well  covered  by  exist- 
books,  and  requiring  much  more  space  than  is  available  here, 
wh  matters  as  the  influence  of  amount  and  character  of  load  on 
« capacity  and  location  of  power  plants  and  substations  are,  of 
given  due  consideration  in  connection  with  such  subjects  as 
lequirements,  energy  consumption,  feeder  layout,  etc.  In 
section  on  Buildings,  the  field  of  the  architect  has  been  entered 
ically  only  so  far  as  electric  railway  building  problems  may  dif- 
^  others.  Other  instances  may  be  cited  of  intentional  omis- 
or  very  brief  consideration  of  certain  matters,  such  as  the 
tary  treatment  of  the  laying  out  of  track  curves,  the  design 
transmission  lines,  and  signaling  systems.  In  the  comparatively 
cases  where  the  matters  in  hand  require  more  extended  formulas 
data  than  are  here  included,  the  problems  are  so  special  and  the 
X  who  is  competent  to  handle  them  is  so  well  supplied  with 
tion  that  it  seems  unwise  to  burden  this  volume  with  the 
In  short,  no  attempt  has  been  made  to  cover  the  entire 
of  electric  railway  engineering,  ramifying,  as  it  does,  into  the 
provinces  of  the  dvil,  mechanical,  electrical,  chemical 
and  architect.  Rather,  it  has  been  the  aim  to  present  data 
bjects  which  come  up  in  everyday  electric  railway  practice 
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for  constant  use  by  the  operating,  constructing  or  designing  engi- 
neer; a  book  which  may  be  used  by  the  non- technical  manager  or 
operator  as  well  as  by  the  engineer;  and  a  convenient  reference  book 
on  electric  railway  practice  for  those  who  may  be  specializing  in 
other  or  allied  lines. 

Much  material  has  been  gleaned  from  standard  books  and  publi- 
cations. Due  credit  has  been  given  in  the  text,  but  special  mention 
should  be  made  of  such  sources  as  the  Manual  and  the  Proceedings 
of  the  American  Electric  Railway  Engineering  Association,  the 
Transactions  of  the  American  Institute  of  Electrical  Engineers,  and 
of  other  engineering  societies,  the  Handbook  on  Overhead  Line  Con- 
struction of  the  National  Electric  Light  Association,  the  files  of  the 
Electric  Railway  Journal,  Electric  Journal,  and  Aera, 

A  special  acknowledgment  is  also  due  to  the  following  who  have 
so  kindly  assisted  in  furnishing  needed  information:  A.  H.  Arm-  ' 
strong,  M.  V.  Ayres,  J.  H.  Barnard,  E.  J.  Blair,  M.  H.  Bronsdon, 
C.  L.  Cadle,  Charles  M.  Clark,  C.  L.  Crabbs,  R.  E.  Danforth,  H,  P. 
Davis,  S.  R.  Dunbar,  A.  W.  French,  S.  L.  Foster,  W.  G.  Gove, 
Charles  Rufus  Harte,  W.  J.  Harvie,  H.  C.  Ives,  A.  St.  George  Joyce, 
G.  H.  Kelsay,  Norman  Litchfield,  Bruce  Loomis,  W.  H.  McAloney, 
Thomas  B.  McMath,  W.  S.  Murray,  George  W.  Palmer,  Jr.,  F.  R. 
Phillips,  Clarence  Renshaw,  F.  L.^ Rhodes,  Ralph  H.  Rice,  Martin 
Schreiber,  Harold  B.  Smith,  W.  C.  Sparks,  Thomas  Sproule,  C.  W. 
Squier,  R.  B.  Stearns,  H.  M.  Steward,  Robert  I.  Todd.  Mr.  Walter 
Jackson  has  read  both  the  original  manuscript  and  the  final  proof 
sheets,  and  has  ofifered  many  valuable  suggestions. 

The  book  is  now  presented  to  its  user  with  the  request  that  he 
make  any  criticisms  or  suggestions  for  additions  which  may  be  help- 
ful in  making  future  editions  more  valuable  in  the  field.  While" 
great  care  has  been  exercised  in  proof  reading,  it  is  inconceivable 
that  no  errors  exist,  and  notification  of  any  that  may  be  found  will 
be  greatly  appreciated. 

Albert  S.  Richky. 

Worcester,  Massachusetts 

February  y  1915.  ^ 
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SECTION  I 

ROADBED  AND  TRACK 

Location  Surveys.  The  general  rough  estimate  of  cost  of  rail- 
wad  location  surveys  in  the  United  States  has  long  been  $ioo  per 
ank.  W.  Beahan  in  "Field  Practice  of  Railroad  Location"  gives 
tills  figure  as  including  reconnaissance  and  preUminaries,  with  modi- 
fications to  $$o  per  nule  in  easy  prairie  country,  and  $150  in  timber 
country  for  final  located  line.  W.  C.  Gotshall  in  "  Electric  Railway 
Econoinics"  states  that  "the  cost  of  this  preliminary  field  work, 
bf  which  is  meant  the  salaries  and  wages  and  board  and  lodging 
Q^  the  men  and  incidental  expenses,  wiU  vary  between  $65  per  mile 
online  as  a  minimum,  where  conditions  are  favorable,  to  $120  per 
"rile  of  line,  as  a  maximum."  Beahan  gives  costs  for  five  lines  of 
fe  Missouri  Pacific  Railway  var3dng  from  $30.17  to  $57.43  per 
nale,  salaries  being  60  per  cent,  and  subsistence  i7Vi  per  cent,  of 
the  total  W.  S.  McFetridge,  referring  to  some  1400  miles  of  pre- 
I  hminary  lines  in  West  Virginia,  Ohio,  and  southwestern  Pennsyl- 
vania, gives  the  total  cost  per  mile  of  completed  survey,  including 
*11  expenses  necessary  up  to  making  contracts  for  the  line,  as: 

Preliminary 

L.K.R.R. $25 

Z.M.&P.R.R 23 

o-4cB.R..S. 35 

B.AN.R.R 31 

*"  Oiio,  0.5  per  cent,  gradients  and  4  deg.  curves  were  possible; 
Jjothcr  lines,  0.3  per  cent,  on  one  division  and  i.o  per  cent,  east 
wofldand  0.5  per  cent,  west  bound  gradients  on  the  other  divisions 
•y  possible,  with  8  deg.  curves. 

Esgiaeeriiig  Costs  on  Electric  Railways.  The  following  informa- 
nt as  to  costs  of  engineering  is  from  data  on  a  large  number  of 
metric  railways  of  various  classes  as  noted. 
^  One  hundred  miles  high-speed  interurban  single-track  construc- 
tion on  private  right  of  way.  Engineering  $1145  per  mile,  prac- 
;   ^Kally  2H  per  cent. 

Rve  miles,  chiefly  light  highway  construction  along  country 
^^-    Engineering  $1450  per  mile,  practically  5  per  cent. 
Two  and  one-half  miles,  trgely  highway  construction,  but  with 
I   some  heavy  work  in  crossing  swamps.     Engineering  $1825  per  mile , 
I   practically  4^4  per  cent. 

miles,  largely  heavy  cross  country  construction  including 

*    iry  heavy  rock  cut,  several  salt  marsh  fills  and  two  large  creek 

i    ®     »gs,  so  that  until  work  was  well  under  way  parties  were  obliged 
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to  make  detours  of  considerable  length  in  getting  to  different  sec- 
tions of  the  work.  Engineering  $1650  per  mile,  practically  3H  i>ei^ 
cent. 

Six  miles,  heavy  construction  line  but  largely  adjacent  to  high- 
way, including  important  viaduct  over  railroad  and  river,  40- ft* 
concrete  arch  bridge  and  extensive  highway  work,  part  of  wliic& 
was  within  dty  Umits,  necessitating  an  extra  amount  of  en* 
gineering  supervision.  This  Kne  was  some  distance  from  the. 
trolley  and  had  poor  railroad  service,  resulting  in  large  team  bil 
Engineering  $1875  per  mile,  practically  sH  per  cent. 

Ten  miles,  cross  country  line,  moderately  heavy  constructioi 
largely  some  little  distance  from  highways,  necessitating  detoi 
of  considerable  length  in  going  from  one  part  of  the  work  to  anothi    _ 
and  resulting  also  in  subsistence  bills  of  considerable  amount^ 
Engineering  $2075  per  mile,  practically  5  per  cent. 

Six  miles,  highway  construction  throughout,  but  involving, 
moderately  heavy  work,  as  highway  was  very  extensively  improve!" 
in  connection  with  work.  Engineering  $1825  per  mile,  practically^; 
4%  per  cent.  This  cost  included  engineering  work  on  the  highway^ 
and  the  percentage  is  based  on  the  total  cost  of  trolley  and  highway; 
work. 

Three  and  one-half  miles,  Kght  cross  country  work  with  one  iiM^ 
portant  viaduct  over  railroad  where  bad  foundations  necessitatea  ^ 
an  unusual  amount  of  supervision.  Engineering  $1750  per  mile,  ] 
practically  4H  per  cent. 

One  and  one-half  miles,  heavy  construction,  being  largely  fiUing  ' 
and  cutting  on  the  water  side  of  a  river  road.  Engineering  $1875  ' 
per  mile,  practically  3%  per  cent. 

Thirteen  miles,  moderately  heavy  construction,  partly   along  ' 
highways,  partly  across  fairly  open  country,  requiring  much  team 
service.    Engineering  $1075  per  mile,  practically  4H  per  cent. 

Fifteen  mUes,  very  heavy  cross  country  construction,  including 
six  bridges  of  considerable  span  and  shifting  and  reconstruction  to 
State  requirements  of  a  considerable  portion  of  highway,  necessi*  ■ 
tating  two  resident  parties  whose  board  was  paid,  and  very  extofr* 
sive  use  of  teams.  Engineering  $1550  per  mile,  practically  sH  pet 
cent. 

Three  and  one-half  miles,  one-third  in  city  street,  two-thirds 
heavy  cross  country  construction,  excellent  trolley  facilities  to 
either  end  of  the  Hne,  but  unexpected  difl&culties  in  the  very  heavy 
rock  cut  made  the  work  proceed  very  slowly.  Engineering  $3325 
per  mile,  practically  4%  per  cent. 

Engineering  Costs  on  Transmission  Lines.  Ten  miles,  on  steam 
road  right  of  way.  Engineering  $90  per  mile,  4  per  cent.  Line 
work  only. 

Ten  miles,  chiefly  on  railroad  right  of  way.  Change  of  plans 
after  work  was  started  very  largely  increased  the  engineering  cost. 
Engineering  $380  per  mile,  practically  yH  per  cent. 

Six  miles,  along  railroad  right  of  way.  Engineering  $170  per 
mile,  practically  4H  per  cent. 

Two  and  one-half  miles,  largely  along  railroad  right  of  way, 
included  two  substations.     Engineering  $660  per  mile,  practically 
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7H  per  cent.  (The  last  two  lines  should  be  properly  considered 
as  one,  in  which  case  the  cost  per  mile  is  $315,  practically  6  per 
cent.) 

Eight  miles,  on  railroad  right  of  way,  with  one  1500-ft.  span 
across  river.     Engineering  $1 75  per  mile,  practically  6h  per  cent. 
Five  and  three-quarter  miles,  chiefly  on  railroad  right  of  way. 
Engineering  $300  per  mile,  practically  7  per  cent. 

Fifteen  and  one-half  miles,  one-half  on  railroad  right  of  way  and 
one-half  cross  country  in  sections  with  very  poor  rulroad  faolities 
necessitating  a  large  amount  of  travel  of  the  parties.  Cost  very 
nUerially  increased  by  incompetence  of  contractor  which  practi- 
oHy  resulted  in  taking  charge  of  the  work  and  doing  it  for  him. 
£^ineering  $260  per  mile,  practically  16  per  cent. 

usgineeriiig  Costs  in  Car  House  Construction.  Capacity  103 
4S-ft.  cars.  Reinforced  concrete  house  with  bad  foundations. 
Engineering  $131  per  car,  practically  5  per  cent. 

Capacity  400  45-ft.  cars,  two-story  brick  house.*  Engineering 
I2S  per  car,  practically  2  per  cent. 

Capacity  45  45-ft.  cars.  Engineering  $105  per  car,  practically 
3)C  per  cent. 

Capacity  70  45-ft.  cars,  brick  house,  includes  also  engineering  on 
teges  and  improvements  of  considerable  extent  made  in  old  house, 
ll^eering  $96  per  car,  practically  4H  per  cent. 
Capacity  32  45-ft.  cars.  Metal  sides  on  structural  steel  frame 
lith  concrete  wsdls  4  ft.  above  ground  level,  on  bad  foundations 
aecessitating  extensive  piling  and  fill.  Engineering  $106  per 
car,  practicadly  SH  per  cent. 

Engineering  Costs  on  Miscellaneous  Construction.  Reservoir. 
Raising  old  dam  about  5  ft.,  constructing  gate  house  with  special 
mtake  apparatus,  stripping  approximately  5  acres,  an  average  of 
I  it.  of  muck,  with  some  road  work,  7  per  cent. 

Twhine  Station  Extension, .  Construction  of  brick  steam  turbine 
statloii  practically  1^0  X  100  ft.  with  capacity  of  6000  kw. 
(tmhme&  and  boUers)  3000  kw.  of  which  was  installed,  including 
also  dam  170  ft.  long  and  about  5  ft.  high  with  concrete  tunnel 
intake  and  discharge  system  (station  was  directly  on  bank  of  river) ; 
included  all  engineering  on  the  installation  of  the  steam  and  elec- 
trical apparatus,  g\i  per  cent.  Made  very  expensive  because  of 
great  need,  resulting  in  24-hour  days  much  of  the  time. 

Turbine  Station  Extension  {2nd),  Brick  extension  measuring 
practically  136  X  55  ft.  built  on  above  station,  and  installation 
of  one  4000  kw.  turbo  alternator,  but  no  added  boiler  capacity, 
4H  per  cent. 

Canal,  Construction  of  earth  dam  with  concrete  core  wall  600 
ft.  in  length,  maximum  height  70  ft.,  also  widening  of  about  1000  ft. 
<rf  canal  by  taking  out  prism  averaging  30  X  30  ft.,  3  per  cent. 

Gas  Main  Extension.  Laying  about  5200  ft.  half  each  of  lo-in. 
and  S-in.  cast-iron  main  in  dty  streets,  3H  per  cent. 

Power  Station  Extension.  Extending  old  building  96  X  60  ft. 
and  bmlding  fotmdation  for  1500  kw.  direct  connected  reciprocating 
udt  and  1500  kw.  turbo  generator.  Complicated  by  serious 
<|ncksand  troubles  in  the  foundations,  5  per  cent. 
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Power  Station  Extension  {2nd),  Adding  approximately  60  ft.  to 
above  power  station,  driving  pile  floor  so  that  in  future  the  appa- 
ratus foundations  can  be  put  in  without  the  necessity  of  pile  driving 
in  the  building,  practically  3  per  cent. 

Repair  Shop,  Tearing  down  old  brick  one-story  shell  and^ 
building  two-story  brick  repair  shop,  approximately  100  X  56  ft,,- 
practically  4  per  cent. 

Paint  Shop.    Rebuilding  and  extending  old  frame  paint  shofiLv 
105  X  45  ft.    Old  part  was  maintained  in  use  during  the  worl 
necessitating  unusual  amount  of  supervision.    New  portion  had 
have  pile  foundations  which  had  to  be  very  carefully  watched  to 
that  old  buildings  in  the  vicinity  were  not  injured,  practically 
per  cent. 

Substation,    Brick  substation  approximately  100  X  30  ft., 
duding    the  installation  of    three  450   kw.  frequency  changeis# 
CompHcated  ajt  first  by  title  troubles  which  necessitated  compieU|^ 
revision  of  plans  after  their  first  completion  and  later  by  discovery  of" . 
subterranean  stream  requiring  much  attention  in  its  care,  prao 
tically  SH  per  cent. 

Landslide.  Driving  500  ft.  of  4  X  6  in.  drifts  into  a  treacherous  " 
mixture  of  ochreous  clay  and  gravel.  This  work  was  prosecutedl  \ 
by  the  superintendent  of  the  plant,  who  was  thoroughly  famillay  ^ 
with  soft  ground  working  and  who  had  a  very  efficient  force  whicli  . 
required  very  Httle  attention,  practically  iH  per  cent. 

Water  Power  Plant  Improvements,  Construction  of  four  8  X  12 
ft.  motor-operated  head  gates  with  concrete  settings.  Two  pen- 
stock gates,  one  16  X  30  ft.  and  the  other  11  X  14  ft.  with  operating 
motors,  installation  of  approximately  500  ft.  of  96-in.  steel  penstock 
and  96-in.  stand  pipe  60  ft.  high  on  concrete  foundations  which  had 
to  be  built  in  16  ft.  of  water  flowing  at  such  speed  that  a  diver  could  \ 
barely  stand  against  it,  practically  SJ4  per  cent. 

Right  of  Way.  Crandall  and  Barnes  in  "  Railroad  Construction  ** 
(1913)  state  that  prices  at  which  land  can  be  purchased  for  railroad 
purposes  will  be  from  one  to  two  times  the  market  value  in  cities, 
and  from  one  to  four  times  in  the  country,  it  being  generally  recog-  - 
nized  that  higher  prices  are  justifiable,  partly  on  account  of  the 
greater  value  of  the  land  for  the  special  purpose  and  partly  on  ac- 
count of  the  lower  value  of  contiguous  lands  in  consequence  of  their 
proximity  to  the  road.  The  latter  reason  is  not  so  likely  to  apply 
in  the  case  of  an  electric  railway. 

Clearing  and  Grubbing  are  sometimes  lumped  together  with 
grading  in  a  contract.  Specifications  for  clearing  should  require 
the  removal  from  right  of  way  of  all  trees,  brush  and  other  obstruc- 
tion to  grading,  except  as  reserved;  brush  and  other  refuse  should 
be  burned  or  otherwise  disposed  of,  but  timber  should  be  saved  in 
the  form  of  saw  logs,  cut  into  cord  wood,  or  made  into  ties,  as  speci- 
fied; tops  of  stumps  under  embankments  should  be  at  least  2H  ft. 
below  grade;  the  removal  of  stumps  and  roots  (grubbing)  is  usually 
required  over  all  places  where  excavation  occurs  and  between  the 
slope  stakes  of  embankments  less  than  2f^  ft.  in  height.  Payments 
for  clearing  and  grubbing  are  made  usually  by  the  acre  or  square  of 
100  ft.  on  a  side,  or  fraction  thereof,  actually  cleared  or  grubbed. 
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but  the  removal  of  isolated  txees  or  buildings  is  often  separately 
omtracted  for. 

Classificatioii  of  Giadiiig.  Too  minute  classification  gives 
opportumty  for  dispute  and  litigation  as  the  percentages  of  the 
different  classes  are  usually  estimated,  not  being  susceptible  to 
exact  measurement.  The  American  Railway  Engineering  Asso- 
ciation (Manual,  191 1)  gives  three  classes  (soUd  rock,  loose  rock  and 
csommon  excavation)  for  ordinary  use,  but  recognizes  the  necessity 
>  «l  special  classes,  clearly  defined,  in  some  localities.  The  Manual 
deizies  the  three  classes  mentioned,  as  follows:  ''Solid  rock  shall 
p  4BB^rise  rock  in  solid  beds  or  masses  in  its  original  |X>sition  which 
My  be  best  removed  by  blasting,  and  boulders  or  detached  rock 
Measuring  i  cu.  yd.  or  over.  Loose  rock  shall  comprise  all  de- 
teched  masses  of  rock  or  stone  of  more  than  i  cu.  ft.  and  less  than 
I  cu,  yd.,  and  aU  other  rock  which  can  be  properly  removed  by 
|i^  and  bar  and  without  blasting,  although  steam  shovel  and  blast- 
Big  may  be  resorted  to  on  favorable  occasions  in  order  to  facilitate 
the  work.  Common  excavation  shall  comprise  all  other  materials 
if  whatsoever  nature  that  do  not  come  under  the  classification  of 
9bM  rock,  loose  rock  or  such  other  classification  as  may  be  estab- 
I  idled  before  the  award  of  the  contract."  Common  excavation 
,  ^  be  subdivided  into  loam,  strong,  heavy  soils  and  stiff  clay  or 
^  scttnted  gravel  in  estimating  the  cost  of  excavation  with  men  and 
tens,  but  a  steam  shovel  wiU  handle  all  of  these  and  even  loose 
todc  at  about  the  same  cost.  Hardpan,  or  earth  which  cannot  be 
plowed  with  a  four-horse  team,  is  now  generally  omitted  from  classic 
Ication  on  account  of  the  difficulty  of  separating  it  from  common 
acavation. 

Shrinkage  must  be  allowed  for  both  in  figuring  on  the  distribution 

«i  the  earth  and  in  making  the  embankments,  and  the  American 

Railway  Engineering  Association  (Manual,  191 1)  recommends  the 

fioflowing:     "  For  green  embankments,  shrinkage  allowance  should 

be  made  for  both  height  and  width,  as  follows: 

Pot  black  dirt,  trestle  filling 15  per  cent. 

I               For  black  dirt,  raising  under  traffic 5  per  cent. 

!               For  clay,  trestle  filling 10  per  cent. 

For  clay,  raising  under  traffic S  per  cent. 

For  sand,  trestle  filling 6  per  cent. 

For  sand,  raising  under  traffic 5  per  cent. 

SoEd  rock  will  swell  about  70  per  cent,  from  cut  to  fill. 

On  account  of  the  imcertainty  in  shrinkage  percentages,  it  is 
customary  to  measure  earthwork  in  excavation,  but  the  method 
of  measurement  should  be  clearly  specified. 

Pay  Quantities.  Where  the  material  taken  from  the  cuts  is  used 
in  making  the  fills,  the  price  paid  for  excavation  includes  hauling 
and  placing  in  the  embankment,  and  this  should  be  done  as  far  as 
is  practicable.  The  cost  increases,  however,  until  the  economic 
kad  is  reached,  where  the  cost  is  such  that  it  is  cheaper  to  waste 
*t  the  cut  and  borrow  at  the  fill.  Beyond  the  economic  lead,  the 
judage  will  then  become  the  sum  of  the  remaining  cuts  and  fills 
(pkis  shrinkage). 

OverhauL  When  a  Umit  is  set  for  "free  haul"  or  the  maximum 
kill  at  the  contract  yardage  rate,  a  definite  additional  price  per 


K: 


6  ELECTRIC  RAILWAY  HANDBOOK 


1 


cubic  yard  per  station  for  overhaul  is  allowed.    The  definition  for 
overhaul  adopted  by  the  American  Railway  Engineering  Associa- 
tion requires  the  limit  of  free  haul  to  be  fixed  so  as  to  include  the 
grade  point  and  balance  the  cut  on  the  one  side  with  the  fill,  plus 
proper  shrinkage  allowance,  on  the  other.    All  material  within 
this  free  haul  Umit  is  omitted  from  further  consideration.     The 
distance  from  the  center  of  gravity  of  the  remaining  excavation  to 
the  center  of  gravity  of  the  resulting  embankment,  less  the  free 
haul,  is  the  overhaul.    When  the  haul  is  over  runways  laid  out  bj 
the  engineer  from  borrow  pits  or  to  waste,  the  overhaul  is  one-hj 
the  round  trip  distance,  less  the  free  haul.    To  calculate  the  ovei 
haul,  find  the  free  haul  limit  by  adding  the  yardage  each  way  froi 
the  grade  point,  allowing  shrinkage  for  the  fills  and  keeping  the) 
quantities  balanced  until  the  free  haul  limit  is  reached.    This  will , 
require  using  plusses  with  the  corresponding  yardages  for  the  final 
result.    Beyond  this  free  haul  point  in  the  cut,  multiply  the  yaxd»  ^ 
age  of  each  volume  by  the  distance  of  its  center  of  gravity  from  the  - 
near  end  of  the  free  haul  limit,  add  the  products  and  divide  by  the 
corresponding  yardage  for  the  overhaul  at  the  cut  end.    Find  how  " 
far  this  material  will  extend  in  the  fill  and  determine  the  distance,*: 
of  its  center  of  gravity  from  the  near  end  of  the  free  haul  limit  aa  < 
above.    The  sum  at  the  two  ends  will  give  the  total  overhaul.     For 
heavy  work,  this  method  is  preferable  to  a  graphic  one  as  being  ^ 
more  accurate,  unless  an  inconveniently  large  scale  is  used.  ^ 

Mass  Diagram.  A  simple  method  of  determining  the  most  ; 
economical  distribution  of  the  material  is  by  means  of  the  mass  dia-  > 
gram  (or  Bruckner's  curve).  As  described  by  Crandall  and  Barnes ; 
in  "Railroad  Construction,"  the  mass  diagram  is  constructed ^ 
by  starting  at  the  left  or  zero  end  of  the  profile  or  other  conven-  *• 
ient  point,  say  one  past  which  no  material  will  be  transported,  and  T 
adding  the  yardage  algebraically,  station  by  station,  allowing  for^ 
shrinkage  on  fills.  The  totals  are  plotted  at  the  corresponding^ 
stations,  or  plusses  for  grade  points,  and  a  smooth  curve  drawnt' 
through  the  points  thus  found  as  in  Fig.  i.  Straight  lines  joining" 
the  points  would  mean  that  the  yardage  increments  were  assumeo^ 
proportional  to  the  distance.  ^ 

This  method  of  construction  gives  to  the  curve  the  following  ^ 
properties: 

(a)  An  upward  inclination  of  the  curve  from  left  to  right  indicates  . 
excavation,  a  downward  inclination,  embankment,  and  maximum 
and  minimum  points,  grade  points.    Thus  (Fig.  i),  ^'5'  indicates 
excavation,  B'G\  embankment  and  B'  and  G',  grade  points. 

(b)  Cuts  and  fills  balance  between  the  points  of  intersection  of  ; 
any  horizontal  Kne  with  the  curve,  leads  being  to  the  right  where 
the  curve  is  above  the  line  and  to  the  left  where  it  is  below.    Thus, 
the  cut  from  D  to  B  will  make  the  fill  from  B  to  £,  and  that  from 
F  to  G,  the  fill  from  G  to  E. 

(c)  Since  the  cut  BD  makes  the  fill  to  E,  the  last  of  the  cut  at  D 
is  moved  to  £,  a  distance  2>'E',  while  the  last  of  the  cut  from  F  is 
moved  a  distance  F'£'.  Equal  distances  will  give  the  minimum 
average  lead  for  the  fill,  as  this  allows  taking  the  material  for 
each  part  of  the  fill  from  the  nearest  point.    Hence  in  making  a 
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(d)  The  area  between  the  curve  and  an  intersecting  horizontal 
line  will  be  the  product,  lead  times  yardage,  for  the  material  be- 
tween the  two  points  of  intersection.  For  since  by  (c)  the  material 
in  the  cut,  e.g.,  from  B  to  J9,  will  just  make  the  fill  from  B  to  -E, 
the  material  represented  by  the  increment  dz  to  the  ordinate  at  D 
must  be  moved  from  Z>  to  jE,  a  distance  Z^-E',  giving  for  lead  times 
yardage  the  area  dz  X  lyE',  Similarly  for  the  other  increments 
giving  the  total  area,  lead  times  yardage  as  stated  above.  If  area 
be  divided  by  yardage,  the  quotient  will  be  the  average  lead  for 
the  portion  taken.  The  yardage  for  any  cut  or  fill  (not  containiim 
partial  sections)  will  be  the  difference  of  the  ordinates  at  the  ends. 
Hence  to  find  the  average  lead  where  the  material  from  a  cut  is 
utilized  in  making  an  adjacent  fill,  or  vice  versa,  find  the  area  be- 
tween the  closing  line  and  the  curve  by  planimeter  or  by  Simpson's 
rule  and  divide  by  the  grade  point  ordinate  or  total  yardage.  In 
the  case  of  side-hill  work,  i.e.,  both  cut  and  fill  between  adjacent 
sections  and  no  grade  point,  only  the  difference  of  quantities  is 
used.  The  balanced  quantities  in  each  length  are  thus  ignored. 
The  lead  for  this  material  will  depend  upon  the  longitudinal  and 
transverse  slopes;  it  will  generally  be  small  and  can  be  neglected 
without  serious  error.  To  find  the  average  lead  for  all  the  material, 
including  the  side-hill  work,  add  to  the  area  found  from  the  mass 
diagram  the  product  of  the  balanced  yardage  or  side-hill  work  by- 
its  lead  and  divide  by  the  total  yardage. 

The  total  yardage  for  the  cut  AB  (Fig.  i)  is  3552,  while  the  maxi- 
mum or  grade  point  ordinate  at  B  is  only  3506  less  by  46  cu.  yd. 
If  D  be  taken  at  sta,  i  +  08,  J9'£'  will  be  1020  above  the  zero  Une 
and  the  area  D'E'B^  will  be  1,868,700  cu.  yd.  ft.     Adding  46  X  10 
for  the  side-hill  product,  10  being  assumed  for  the  lead, 

Total  area  =  1,869,160 

Total  yardage    =  3,552  —  1020  =  2532 

Dividing,  1,869,160/2532  =  738  ft. 
If  the  side-hiU  work  be  omitted, 

1,868,700/2486  =  752  ft.,  average  lead. 
If  the  side-hill  lead  be  omitted, 

1,868,700/2532  =  738  ft. 

The  maximum  lead,  D^E\  =  stas.  [12  -f  50  —  (i  +  08)]  =  1142  ft. 

If  the  material  from  C  to  F  is  to  be  wasted  uniformly  along  the 
fill,  GB,  dtaw  the  horizontal  CV  and  join  G''B'\  The  area 
CG"B"F'  divided  by  the  ordinate  G"G'"  will  give  the  average 
lead.  If  this  material  is  to  be  wasted  at  the  grade  point,  G,  divide 
the  area  C'G"G"'F'  by  the  yardage  G'V"  for  the  average 
lead.  If  wasted  on  the  side  at  a  constant  lead,  aC\  draw  the  hori- 
zontals, aC  and  &F'  and  the  curve  ah  for  the  yardage  lead  area. 

To  find  the  overhaul  from  the  mass  diagram,  draw  the  horizontals 
giving  the  greatest  lead  or  haul  and  the  free  haul;  the  distance 
between  them  will  give  the  yardage  for  overhaul;  draw  verticals 
through  the  ends  of  the  free  haul  line  to  meet  the  maximum  haul 
line.  The  sum  of  the. areas  between  these  verticals  and  the  mass 
diagram  curve  will  give  the  overhaul  product,  lead  times  yardage. 
If  the  overhaul  is  required,  divide  the  overhaul  product  by  the 
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overhaul  yardage.  Thus  in  Fig.  i,  for  the  cut  GJ  which  would 
make  the  fill  to  X,  J'K'  gives  the  greatest  haul,  H  V  the  free  haul, 
H'H"  or  /'/"  the  overhaul  yardage  and  the  sum  of  the  areas, 
R'B"J'  and  ri"K\  the  overhaul  product. 

Handling  Earthwork.  The  following  figures  on  cost  of  handling 
earthwork,  except  where  otherwise  credited,  are  taken  from  Cran- 
daH  and  Barnes'  "Railroad  Construction"  (1913). 

Loosening.  All  materials  excepting  possibly  sand  require  loosen- 
a^g  for  shovels  or  scrapers  and  it  will  often  be  economical  to  loosen 
even  sand,  esp>ecially  for  shoveling.  Loosening  is  commonly  done 
with  picks  or  plows,  but  explosives  may  be  used  to  advantage  under 
some  conditions.  A  man  with  a  pick  will  loosen  about  15  cu.  yd. 
of  stiff  day,  or  cemented  gravel,  20  of  strong,  heavy  soil,  or  30  of 
common  loam,  per  lo-hour  day.  With  wages  at  15  cents  per  hour, 
these  quantities  give  the  following  costs  for  labor,  except  foremen, 
for  loosening  with  picks: 

Stiff  clay  or  cemented  gravel jo.o  cents  per  cu.  yd. 

Strong,  heavy  soils 7.5  cents  per  cu.  yd. 

Loam 5.0  cents  per  cu.  yd. 

A  two-horse  team  with  plow  and  driver  and  an  extra  man  to  hold 
vSiloosen  about  250  cu.  yd.  of  strong,  heavy  soil  per  lo-hour  day 
or  about  400  of  ordinary  soil.  With  very  hard  material  requiring 
a  pick-pointed  plow  with  two  teams  and  an  extra  man  to  ride  the 
boun,  about  180  cu.  yd.  can  be  loosened.  With  wages  at  $3.50 
per  day  for  team  and  driver  and  $1.50  for  man,  these  data  would 
give  the  following  costs  for  labor,  except  foreman,  for  loosening 
with  plows: 

Stiff  clay  or  hardpan 5.6    cents  per  cu.  yd. 

Strong,  heavy  soils 2.0    cents  per  cu.  yd. 

Loam 1.25  cents  per  cu.  yd. 

Shoveling.  Earth  may  be  cast  short  distances  with  shovels, 
Hie  cost  being  about  the  same  for  limits  of  5  to  10  ft.  horizontally 
or  4  to  7  ft.  vertically.  For  somewhat  greater  distances  it  may  be 
recast,  the  unit  cost  being  about  80  per  cent,  if  a  platform  or  other 
suitable  bed  is  provided  from  which  to  shovel.  This  is  frequently 
done  in  taking  material  from  a  pit  too  deep  for  one  cast.  Plat- 
forms are  also  often  used  in  mine  tunneling  and  might  well  be  used 
in  cuts  when  the  material  is  broken  down  from  a  face.  Shoveling 
is  also  required  in  loading  wheelbarrows,  carts,  wagons  or  cars 
for  transporting  longer  distances.  The  material  should  be  thor- 
oughly loosened  and  often  a  second  plowing  will  be  more  than  repaid 
in  the  reduced  cost  of  shoveling.  The  quantity  loaded  per  man 
win  depend  upon  the  material,  the  extent  to  which  it  is  loosened, 
the  height  to  which  it  must  be  raised  and  upon  so  proportioning 
the  gang  that  the  shovelers  will  not  have  to  wait  for  either  material 
or  vehicles.  For  loading  into  an  ordinary  wagon  or  cart,  24  cu. 
yd.  per  lo-hour  day  is  about  the  upper  limit  for  Ught  material 
or  material  well  loosened,  18  for  material  at  the  face  of  a  cut 
which  has  been  broken  down  onto  a  good  surface  for  shoveling, 
ttd  IS  for  rather  heavy  plowed  earth.    At  $1.50  per  day  these 
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would  give  the  following   costs   for    labor,   except  foremen,   of 
shoveling: 

Light  or  well  loosened  material 6.25  cents  per  cu.  yd. 

Face  broken  onto  good  surface 8.25  cents  per  cu.  yd. 

Heavy  plowed  earth 10.00  cents  per  cu.  yd. 

In  Engineering-Contracting,  1909,  it  is  stated  that  experiments 
on  a  number  of  pieces  of  work  involving  the  handling  of  thousands 
of  yards  of  excavation  have  shown  the  long-handled  shovel  much, 
superior  to  the  short  for  handling  earth.  Men  can  do  more  work 
with  less  effort  and  can  stand  more  nearly  erect.  It  is  stated  that 
the  long  handle  is  used  in  Europe  and  the  West,  and  the  short 
handle  in  the  East.  The  round-pointed  shovel  enters  the  earth 
easier  than  the  square  and  is  generally  used  except  in  shoveling 
from  a  platform  when  a  square-pointed  scoop  should  be  used  unless 
the  material  has  to  be  cast  a  considerable  distance. 

Spreading  and  Dressing.  A  bankman  will  spread  in  6-in.  layers 
about  75  cu.  yd.  of  average  earth  which  has  been  dumped  from 
carts  or  wagons,  the  cost  therefore  being  about  2  cents  a  cubic  yard 
with  wages  at  $1.50  per  day.  For  a  railroad  bank,  it  is  usually  only 
necessary  to  keep  the  surface  smooth  enough  to  drive  over  until 
grade  is  reached,  in  which  case  half  a  cent  per  cubic  yard  should  be 
sufficient  if  the  work  is  so  planned  that  the  bankman  will  be  kept 
busy,  i.e.,  at  least  300  cu.  yd.  must  be  delivered  at  the  bank  each 
day.  If  the  earth  is  hauled  in  carts  and  dumped  over  the  edge  of 
the  bank,  about  one-quarter  of  a  cent  per  cubic  yard  should  still 
be  allowed  for  keeping  the  dumping  place  in  order.  Earth  in  large 
quantities  can  be  spread  by  a  team  and  road  machine  or  Shuart 
grader  for  from  one-half  to  three-quarters  of  a  cent  per  cubic  yard. 
In  dressing  railroad  earth  slopes  from  125  to  150  sq.  yd.  per  man 
per  day  is  a  fair  average  on  construction  work.  This  would  make 
the  cost  about  i  cent  per  square  yard.  The  cost  per  cubic  yard 
would,  of  course,  depend  on  the  lightness  of  the  work,  the  amount 
of  material  handled  not  being  a  proper  criterion  on  account  of  the 
time  spent  in  smoothing  and  skimming. 

Superintendence,  Timekeeping  and  Water  Canying.  These 
items  vary  with  local  conditions,  but  half  a  cent  per  cubic  yard 
will  usually  cover  all  three. 

Wheelbarrows.  The  wheelbarrow  is  used  for  excavating  small 
quantities  of  material  and  in  cases  where  it  is  impracticable  to  use 
carts  or  scrapers  on  account  of  the  cramped  situation  or  deep  mud 
in  which  horses  could  not  work.  It  is  also  valuable  for  moving 
stony  soil  over  short  distances.  Run  planks  or  "gangways*' 
should  be  provided  and  usually  each  man  should  load  his  own 
barrow.  The  load  is  about  H4  cu.  yd.  for  wheeling  up  slopes,  as  is 
generally  necessary,  but  it  may  reach  Mo  for  level  ground.  A 
study  of  the  available  data  would  indicate  that  the  time  for  load- 
ing a  cubic  yard  may  be  taken  at  0.6  hour  for  the  heavy  soils  and 
0.5  for  loam,  while  the  time  for  wheeling,  including  dumping,  ad- 
justing the  plank  and  other  unavoidable  delays,  may  be  taken  at 
M  hour  per  cubic  yard  per  100  ft.  for  wheeling  up  slopes  and  H 
hour  for  level  ground.     Adding  the  cost  of  picking  gives  the  follow- 
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log  costs  for  labor  except  foremen,  for  picking  and  loading,  with 
wages  at  15  cents  per  hour: 

Stiff  clay  or  cemented  gravel 19.0  cents  per  cu.  yd. 

Strong,  heavy  soil ■. 16.5  cents  per  cu.  yd. 

Loam 12.5  cents  per  cu.  yd. 

to  which  should  be  added  3^  to  5  cents  for  each  100  ft.  of  lead, 
depending  upon  the  slope. 

Drag  Scrapers.  The  ordinary  No.  2  drag  scraper  is  a  steel  scoop 
irdghing  about  100  lb.,  which  will  hold  from  YiXjQYi  cu.  yd.,  place 
measurement.  It  is  drawn  by  a  two-horse  team  which  will  travel 
at  the  rate  of  2.5  miles  per  hour,  or  cover  100  ft.  of  haul  per  minute 
nduding  loading  and  dumping,  the  haul  making  allowance  for 
^  extra  distance  required  for  turning  at  the  pit  and  dump  and 
being  greater  than  the  lead  or  straight  line  distance.  An  extra 
man  is  required  to  hold  in  loading  while  the  driver  usually  dumps 
Ids  own  scrapper.  As  a  man  can  load  for  two  or  more  teams,  de- 
pending upon  the  lead,  it  is  advisable  to  work  the  scrapers  in  gangs. 
The  material  -should  be  well  loosened  so  that  the  scoop  will  fill 
leadily.  J.  W.  Brown,  Engineering  Record,  gives  the  following 
(kta  based  on  the  average  cost  of  scraper  work  in  Iowa.  In  mak- 
ing low  embankments  from  side  ditches  with  6-ft.  berms  he  makes 
£  foUojiTing  assumptions:  Distance,  center  of  ditch  to  center  of 
bmk,  ZZ  ^t-  Seven  to  ten  trips  per  cubic  yard.  Sixty  cubic 
jwds  per  lo-hour  day  good  average  work.  Plow  team  generally 
required  to  loosen  the  material,  one  plow  to  six  scrapers.  Two 
iMXses  per  plow  required  in  light  soil,  four  or  more  necessary  in 
compact  soil,  average  three  at  $6  per  day  with  driver  and  man 
to  hold.  Field  expenses,  except  management,  and  maintenance 
fior  loosening,  loading  and  dumping,  360  cu.  yd. : 

Three-horse  team  with  driver  and  plowman,  loosening  $6.00 

Three  men  holding  scrapers,  loading 4.50 

One  man  dumping 1.75 

One  foreman 2.50 

Maintenance,  plows  and  scrapers 0.90 

Total $15.65 

This  gives  4.35  cents  per  cubic  yard.  The  cost  of  hauling  at 
$3.50  per  day  for  team  and  driver  is  5.83  cents,  giving  a  total 
cost  of  10.18  cents  per  cubic  yard  for  the  lead  of  33  ft.  For  double 
the  lead,  or  66  ft.,  the  yardage  would  be  reduced  to  40  per  scraper 
per  day,  requiring  9  teams  or  $31.50  for  hauling,  while  for  a  lead 
of  ICO  ft.  the  number  of  teams  must  be  increased  to  1 2  or  the  cost 
to  $42.  the  other  expenses  remaining  the  same  except  that 
maintenance  would  be  increased  to  $1.08  and  $1.44,  respectively, 
giving  8.75  cents  and  11.66  cents  for  hauling  and  an  increase  of 
0.05  cent  and  0.15  cent  for  maintenance.  For  the  above  prices  and 
material  these  data  give  the  following  rule  for  field  expenses, 
except  management,  and  maintenance  for  the  drag  scraper:  To 
a  fixed  cost  of  7.2  cents  per  cubic  yard  add  9  cents  per  100  ft.  of 
lead  with  20  ft.  as  a  minimum  value  to  allow  for  turning.  For 
stiff  clay  25  to  30  per  cent,  should  be  added  to  the  above. 

Fresno  Scrapers.    The  fresno  scraper  is  an  improved  form  of 
drag  scraper  invented  in  California  and  used  mainly  in  the  West. 
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The  four-horse  scoop  is  5  ft.  long  laterally  and  only  about  18  in. 
wide  from  cutting  edge  to  rear,  the  former  giving  large  capacity  and 
the  latter  easy  filling.  Two-  and  three-horse  sizes  are  also  made. 
The  horses  are  driven  abreast  by  one  driver.  The  four-horse 
scraper  weighs  from  275  to  310  lb.  Many  fresno  loads  at  the  dump 
have  been  compacted  into  a  box  with  a  rammer  and  found  to  run 
from  12  to  16  cu.  ft.  in  average  earth  where  the  lead  was  not  so 
great  that  much  material  was  lost  in  transit.  The  editors  of 
Engineering-Contracting  give  the  following  rules  for  estimating  . 
cost,  based  on  a  study  of  a  large  number  of  data:  When  the  daily* 
wage  of  a  driver  is  ^2  and  that  of  each  of  the  four  horses  is  $1  a 
total  of  $6  per  fresno  per  lo-hour  day,  the  average  cost,  not  in- 
cluding plowing,  trimming  or  superintendence,  wiU  be  as  below: 
To  a  fixed  cost  of  4  cents  per  cubic  yard  add  2  cents  per  100  ft.  of 
lead.  The  fixed  cost  includes  traveling  the  extra  distance  and  the 
slower  speed  in  loading,  the  shifting  to  newly  plowed  ground,  etc. 
The  hauling  cost  is  based  upon  a  traveling  speed  of  200  ft.  per 
minute  when  not  delayed  by  loading,  dumping,  etc.,  and  upon 
an  average  load  of  ^  cu.  yd.,  with  50  ft.  as  the  minimum  lead. 
If  the  soil  is  not  of  a  kind  that  heaps  up  and  drifts  well  in  front 
of  the  scraper,  the  average  load  will  probably  not  exceed, J4  cu.  yd. 
particularly  on  long  hauls.  This  would  change  the  rule  to:  To 
a  fixed  cost  of  4  cents  per  cubic  yard  add  3. cents  for  each  100  ft. 
of  lead.  The  editors  believe  that  the  horses  can  be  crowded  so  as 
to  do  about  the  same  amount  of  work  in  an  8-hour  day  as  in  a  10- 
hour  day,  or  that  the  cost  per  cubic  yard  would  be  but  slightly 
affected,  but  experience  in  the  East  with  8-hour  days  would  hardly 
warrant  this  belief.  They  state  that  the  cost  of  plowing  ordi- 
narily ranges  from  %  cent  to  1.5  cents  per  cubic  yard,  foreman's 
wages,  from  H  to  i  cent,  and  dressing  roadbed  and  slopes  about 
H  cent  per  square  yard  of  surface  trimmed.  If  the  cost  of  plow- 
ing, dumping,  maintenance  and  superintendence  be  added  on  the 
basis  of  $10.25  for  300  cu.  yd.  with  H  cent  per  cubic  yard  for  main- 
tenance, as  previously  given,  the  fixed  cost  would  be  increased  by 
3.1  cents,  giving:  To  a  fixed  cost  of  7.1  cents  per  cubic  yard  add  2 
cents  per  100  ft.  of  lead,  or  to  a  fixed  cost  of  7.1  cents  per  cubic 
yard  add  3  cents  per  100  ft.  of  lead,  according  as  the  material  heapM 
up  and  drifts  in  front  of  the  scraper.  This  allows  the  driver  $2 
per  day  and  requires  him  to  load  his  own  scraper,  thus  increasing 
the  cost  about  H  cent  per  cubic  yard  per  100  ft.  of  lead,  and  re- 
ducing it  iH  cents  independent  of  lead,  as  compared  with  the  dra^ 
scraper  figures  previously  given. 

"Wieel  Scrapers.  With  the  wheel  scraper,  the  steel  scoop  is 
hung  between  two  wheels  with  broad  tires  and  it  can  be  lowered 
and  filled,  raised  or  dumped,  while  the  team  is  in  motion.  The 
capacity,  place  measurement,  ranges  from  about  6}4  cu.  ft.  for  the 
No.  I  to  12^^  for  the  No.  3,  while  the  loads  actually  carried  are 
about  0.2, 0.25,  0.4  cu.  yd.,  respectively,  for  the  three  sizes.  These 
loads  can  be  increased  for  long  leads  by  finishing  with  shovels 
when  the  material  does  not  fill  readily.  The  dead  load  varies  from 
350  to  800  lb.  according  to  size.  A  snatch  team  is  generally  used 
in  loading  all  but  the  No.  i,  even  then  shovelersare  necessary  if 
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the  box  is  to  be  filled  in  tough  day.  In  scraper,  as  in  other  work, 
the  details  must  be  carefully  studied  and  given  attention  if  eco- 
nomical results  are  to  be  secured.  Thus  the  plow  should  be  set 
to  cut  10  to  12  in.  deep,  or  to  such  a  depth  that  the  scoop  will  be 
heaping  full  after  traveling  but  a  few  feet.  The  rear  portion  of 
the  pan  will  not  fill  well  with  shallow  plowing.  The  furrows 
should  be  close  together,  and  if  the  soil  is  heavy  it  ^ould  be  plowed 
twice.  The  bottom  of  the  cut  should  be  kept  level  so  that  the  scoop 
tin  lie  flat  and  not  tilted.  J.  W.  Brown,  Engineering  Record, 
as  the  result  of  experience  in  Iowa,  gives  the  same  costs,  not  in- 
dnding  scraper  teams  and  drivers,  for  handling  360  cu.  yd.  of 
ttrth  with  the  No.  i  wheeler  as  were  given  for  the  drag  scraper 
(■page  I  J,  except  that  the  90  cents  for  maintenance  is  increased 
to  $140.  He  assumes  four  loads  per  cubic  yard  and  about  100 
ft.  of  lead  per  minute  while  traveling,  or  60,  40  and  30  cu.  yd.  per 
KR^r  per  day  for  leads  of  100,  200  and  300  ft.,  respectively,  re- 
<nnnng  6,  9  and  12  wheelers  for  transporting  the  360  cu.  yd.  over 
fte  respective  distances.  He  also  increases  maintenance  slightly 
fcr  the  longer  leads.  These  values  would  give  for  the  No.  i  wheeler 
«tl3.5o  per  lo-hour  day,  for  average  sofl:  To  a  fixed  cost  of  yv^ 
oats  add  3  cents  for  each  100  ft.  of  lead,  with  75  ft.  as  a  minimum. 
^«  leads  over  300  ft.  Mr.  Brown  uses  No.  3  wheelers  with  two  men 
to  hold  a  scraper  (requiring  one  extra  holder)  and  a  two-horse 
■itch  team  to  aid  in  loading.  To  move  the  360  cu.  yd.  per  day 
«used  eight  wheelers  for  a  lead  of  400  ft.,  10  for  500, 12  for  600, 
14  for  700  and  16  for  800,  the  limit  to  which  he  considers  it  advis- 
J>fctogo  withVheel  scrapers.  Adding  $3.50  for  the  snatch  team, 
fi.50  for  the  extra  man  to  hold  and  $0.90  as  lead  increases  for 
ftbawear  to  the  fixed  cost,  will  give  a  total  of  $21.15  per  day,  or 

gi  cents  per  cubic  yard  for  the  fixed  charge.  Adding  to  this 
50  per  scraper  for  the  different  leads  and  dividing  by  360,  the 
""""her  of  cubic  yards  moved,  will  give  the  cost  for  hauling.  The 
2Jtptt  cubic  yard  is  given  quite  closely  by  the  following:  To  a 
W  cost  of  5  J4  cents  add  2  cents  for  each  100  ft.  of  lead  within  the 
writs  of  300  and  800  ft.  For  a  No.  2  the  cost  would  be  given 
•Iptoxiniately  by  the  following:  To  a  fixed  cost  of  6h  cents  add 
^  cents  for  each  of  100  ft.  of  lead  within  the  limits  of  200  to  500 
«•  Good  roads  are  essential  to  economy,  especially  with  the  No. 
I  feeler.  These  are  for  average  conditions.  For  light  material 
fcso  per  day  could  be  saved  for  the  No.  i  wheeler  by  having  the 
wivers  hold  their  own  scrapers,  while  for  heavy  clay,  a  three-  or 
fcor-horse  snatch  team  with  an  extra  man  to  hook  and  unhook 
•ottld  be  needed  for  the  No.  3,  instead  of  the  2-horse  team.  Four 
**ses  might  also  be  needed  for  the  plow  team.  Scrapers  are  used 
to  some  extent  for  loading  cars  and  wagons  through  a  platform, 
••tt  which  the  teams  are  driven  and  the  material  dumped  through 
W  opening. 

Cirts,  The  one-horse  cart,  although  not  used  so  much  as 
•JJ^rly,  is  economical  for  short  leads  when  shovel  loading  is  em- 
wed  and  is  convenient  in  turning  and  in  dumping  over  the  end 
w^an  embankment.  Five  is  a  suitable  number  of  shovelers  for 
"*ding,  two  on  each  side  and  one  in  the  rear.    They  can  load  a 
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cart  with  H  cu.  yd.  in  2H  minutes,  while  about  i  minute  is  required 
for  turning  and  dumping,  making  a  total  of,  say,  4  minutes  per 
trip,  allowing  for  turning  into  place  for  loading.  A  driver  can 
attend  two  carts,  by  dumping  one  while  the  other  is  being  loaded, 
for  leads  up  to  300  ft.  For  greater  leads  he  can  attend  to  two  by 
taking  them  both  together  to  the  dump.  At  $1  per  day  for  a 
horse  and  $1.50  for  a  driver  this  would  give  for  100  ft.  of  lead  i>er 
minute  and  3  trips  per  cubic  yard: 

^  cent  per  100  ft.  of  lead,  driver  to  2  carts. 
iH  cents  per  100  ft.  of  lead,  driver  to  i  cart. 

For  the  fixed  cost. 

Four  minutes  per  trip 3\i  cents 

Shoveling,  average  material 9      cents 

Plowing 2      cents 

Dump J^6  cent 

Foreman  and  maintenance i      cent 

Total  per  cubic  yard 16      cents 

This  gives  for  field   expenses,  except  management  and   main- 
tenance: 

To  a  fixed  cost  of  16  cents,  add  ^  cent  for  each  100  ft.  of  lead 

With  one  driver  per  cart,  the  4  minutes  will  cost  5  cents  giving: 

To  a  fixed  cost  of  17H  cents,  add  iH  cents  for  each  100  ft.  of 
lead. 

This  is  on  the  supposition  that  the  number  of  carts  is  so  propor- 
tioned to  that  of  the  shovelers  that  both  can  be  kept  busy,  other- 
wise the  cost  may  be  much  greater. 

Wagons.  These  may  have  an  advantage  over  carts  for  long  leads 
on  account  of  the  larger  load,  but  they  are  at  a  disadvantage 
in  turning.  The  slat-bottom  box  used  for  grading  with  an  ordinary 
wagon  is  3  by  9  by  I  ft.  giving  a  capacity  of  i  cu.  yd.  of  loose 
earth,  or  about  0.8  cu.  yd.  place  measurement.  This  is  a  full  load 
for  temporary  roads  over  soft  earth  and  up  steep  pitches,  as  in  most 
railroad  work.  For  long  hauls  over  hard  roads,  as  in  road  improve- 
ment and  city  work,  additional  side  boards  are  much  used,  increas- 
ing the  load  to  iH  to  iH  cu.  yd.,  place  measurement.  The  slat- 
bottom  box  has  about  3  by  4-in.  slats  for  the  bottom  and  requires 
a  man  at  the  bank  to  aid  the  driver  in  dumping,  which  takes  about 
iH  minutes  for  the  0.8-cu.  yd.  or  3  minutes  for  the  iv^-cu.  yd.  load. 
Dump  wagons  which  can  be  dumped  and  the  bottom  closed  again 
without  stopping  the  team  are  rapidly  coming  into  use.  Enough 
men  should  be  put  in  the  pit  to  load  a  cubic  yard  in  about  5  minutes. 
This  would  give  at  35  cents  per  hour  for  team  and  driver,  3  cents 
for  loading  time,  or  about  4  cents  total  for  loading  and  dumping 
time  with  slat-bottom  wagons.  If  inconvenient  to  use  so  many 
shovelers  an  extra  wagon  may  be  loaded  while  the  team  is  going 
to  the  dump  so  that  by  shifting  the  lost  time  can  be  kept  about  the 
same.  If  the  earth  is  plowed  and  shoveled,  with  foreman  and 
maintenance  increased  to  iH  cents  this  would  give  for  field  expenses, 
except  management,  and  maintenance  for  a  speed  of  2.5  miles  per 
hour,  or  220  ft.  per  minute  when  traveling: 

To  a  fixed  cost  of  17  cents,  add  ^  cent  for  each  100  ft.  of  lead, 
for  loads  of  i  cu.  yd.,  place  measurement. 
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For  di£ferent  loads  the  amount  to  add  for  each  loo  ft.  of  lead 
would  be  as  follows: 

Load  of  0.8  cu.  yd.  add  0.66  cent  per  100  ft. 
Load  of  I  cu.  yd.  add  0.53  cent  per  100  ft. 
Load  of  1.5  cu.  yd.  add  0.35  cent  per  100  ft. 
Load  of  2      cu.  yd.  add  0.26  cent  per  100  ft. 

Frequently  wagons  can  be  loaded  with  scrapers  dumping  through 
a  platform  cheaper  than  with  shovels.  The  following  data  are 
taken  from  Engineering-Contracting,  1907,  for  the  cost  of  excavat- 
ing a  street  of  a  western  city  to  a  depth  of  about  2  ft.,  using  a  plow 
and  drag  scrapers.  A  10  by  12-ft.  platform  was  built  with  a  floor 
rfz-in.  plank  on  6  by  6-in.  stringers  nigh  enough  to  give  a  clearance 
fli  about  7.5  ft.  An  opening  2  ft.  square  was  left  in  the  center 
tiiiough  which  the  material  was  dumped  automatically  by  the 
front  end  of  the  scraper  catching  on  a  cleat  nailed  in  front  of  the 
We.  This  aided  but  did  not  do  away  with  the  dumpman.  There 
were  two  inclined  runwajrs.  The  approach  was  steep  and  soon 
banked  with  earth;  the  run  off  was  on  a  15  per  cent,  gradient.  The 
toeet  gradient  was  6  per  cent,  and  the  material  was  hauled  down 
pade  an  average  distance  of  120  ft.  in  direct  line.  The  platform 
m  to  be  moved  from  time  to  time.  The  wagon  loads  averaged 
icu.  yd.  in  place  and  a  wagon  was  filled  by  scraper  loads  in  less 
1^  6  minutes,  or  at  the  rate  of  more  than  20  cu.  yd.  per  hour. 
"It  labor  cost,  except  foreman,  of  loading  per  hour  was  as  follows : 

One  plow  team $0 .  40 

One  man  holding  plow o .  20 

One  man  holding  scraper 0.20 

Ope  man  at  dump o ,  20 

Five  scraper  teams 2 .  00 

Total  for  20  cu.  yd $3  •  00 

*  IS  cents  per  cubic  yard.  The  No.  i  wheel  scraper  should  give 
"^^results  than  the  drag  scraper  for  this  lead. 

Power  Shovels.  The  standard  machine  for  loading  large  quan- 
^«s  of  material  is  the  power  shovel.  It  is  usually  operated  by 
"^j  but  sometimes  by  electricity.  It  will  handle  earth,  loose 
^,  and  even  cemented  material  without  loosening.  Solid  rock 
^^t  of  course,  be  blasted  and  it  will  often  prove  economical  to 
f*sen  cemented  material  and  loose  rock.  The  ordinary  shovel 
w  QsujJly  mounted  on  standard  gage  trucks  and  provided  with 
P^'P^ng  chains.  The  boom  swings  through  an  angle  somewhat 
<**»  180  deg.  Jacks  outside  the  tracks  are  used  at  the  front 
jn^ers  to  give  a  broader  base  for  stability  while  at  work.    Some 

/^^  smaller  shovels  are  balanced  on  a  car  and  can  swing  through 
J  fuD  circle.  Some  of  the  makers  mount  these  on  traction  wheels 
JJ^ghway  and  street  work,  cellar  excavation,  etc.  Shovels  with 
yort  booms  are  also  made  for  tunnel  and  mining  work.  The  dipper 
"'fflttps  through  a  door  at  the  bottom  and  for  light  material  its 
fHjjaty  is  sometimes  increased  by  providing  an  extension  or  lip 
J  front.  For  hard  material  dippers  are  fitted  with  steel  teeth. 
«eavy  machines  with  smaller  dippers  than  for  earth  are  usual  for 
wd  digging  and  for  handling  large  boulders.  Steam  shovels  are 
*%  operated  by  three  men,  the  engine-man  or  runner,  the 
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cranesman  and  the  fireman.  The  engineman  controls  the  raising^ 
and  lowering  of  the  dipper  and  the  swinging  of  the  boom,  while  the 
cranesman  regulates  the  depth  of  cut  or  **bite,"  releases  the  dipper 
from  the  bank  when  full  and  dumps  the  load.  Pitmen,  usually 
four  to  six,  prepare  for  and  move  the  short  sections  of  track  for- 
ward, operate  the  jacks  And  chocks  in  moving,  etc.  An  excellent 
analysis  of  the  cost  of  steam  shovel  work  and  discussion  of  the 
factors  affecting  the  same  are  given  in  a  Handbook  of  Steam  Shovel 
Work  published  by  the  Bucyrus  Company,  South  Milwaukee^ 
Wis.,  it  being  a  report  by  the  Construction  Service  Company,  based 
on  records  and  time  studies  given  in  full  for  forty-five  Bucyxus 
shovels  working  under  different  conditions  as  to  material,  depth 
of  cutting,  size  of  cars,  number  of  cars  in  a  train,  management, 
etc.  A  formula  is  given  for  cost  of  loading  cars,  in  cents  per  cubic 
yard,  place  measurement,  for  shovel  work  only,  including  pkint 
expenses,  and  labor  (except  superintendence)  and  materials  of 
field  expenses,  in  which 

d  =  time  in  minutes  to  load  i  cu.  ft.,  place  measurement 
c  =  capacity  of  one  car  in  cubic  feet,  place  measurement 
/  =  time  shovel  is  interrupted  to  spot  one  car 
e  =  time  shovel  is  interrupted  to  change  trains 
g  =  time  required  to  move  shovel 

L  =  distance  of  one  move  of  shovel  in  feet 

M  =  minutes  per  shift  less  loss  for  accidental  delays 

A  —  area  of  excavated  section  in  square  feet 

R  =  cost  per  cubic  yard  on  cars 

n  =  number  of  cars  per  train 

C  =  shovel  expense  in  cents  per  shift 

From  these, 


^=  ^  (''  +  {+  ^+xfi) 


Using  estimated  values  of  C  and  A  and  the  average  values 
given  below  (or  estimated  ones)  for  the  other  terms  except  M  and  d, 
a  plate  of  cost  curves  may  be  plotted  for  any  vdue  of  LA  showing 
the  relation  between  R  and  d  for  various  values  of  M.  To  esti- 
mate C,  a  $14,000  shovel  is  assmned,  with  the  following  data : 

Cost  per  year 

Depreciation,  4H  per  cent $653 .  34 

Interest,  6  per  cent 840 .  00 

Repairs,  wnen  working  one  shift 2000. 00 

I3493.34 

Per  year  of  150  working  days,  or  I23.29  per  working 

day I23 . 29 

Shovel  runner 5 .  00 

Cranesman 3 .  60 

Fireman 2 .  40 

One-half  watchman  at  I50  per  month i .  00 

Six  pitmen  at  S1.50 9 .  00 

One  team  hauling  coal,  water,  etc.,  half  day,  say 2 .  50 

Two  and  a  half  tons  coal  at  I3.50 8.75 

Oil,  waste,  etc.,  say ^ i .  SO 

Cost  per  day.  C/xoo l57  •  04 
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The  dq>reciation  is  found  by  distributing  the  difference  between  first 
cost,  assumed  at  $150  per  ton,  and  scrap  value,  $10  per  ton,  over 
the  life  of  the  shovel,  assumed  as  20  years.    It  is  stated  that 
"The  cost  of  repairs  should  be  apportioned  to  the  work  turned  out 
rather  than  considered  as  a  function  of  the  age  of  the  shoveL    It 
will  be  higher  for  rock  than  for  earth-work  and  higher  for  badly 
broken  rock   than  for  well-blasted  material/'    In  assuming  150 
working  days  per  year,  allowance  has  been  made  for  bad  weather, 
lad  of  continuous  work,  transportation  of  plant,  etc.    The  actual 
omnber  will  be  greatly  affected  by  local  conditions.    The  fuel 
consumption  assumed  for  the  heavy  shovel  used  checks  fairly 
well  with  some  data  given  by  Gillette,  Handbook  of  Cost  Data. 
His  values  for  coal  and  water  per  lo-hour  day  vary  from  H  ton 
«id  1500  gal.  for  a  35-ton  shovel  with  a  iH-cu.  yd.  dipper  to  2H 
tons  and  4500  gal.  for  a  90-ton  shovel  with   a  3-cu.  yd.  dipper. 
The  average  shovel  move,  L,  was  6  ft.    A  varies  with  the  depth 
and  width  of  cut.     For  example,  values  of  250,  500  and  1000  sq. 
ft  are  used  in  the  Handbook  in  computing  cost  curves.    The 
higer  the  volume,  LA,  per  shovel  move  the  less  the  cost  per  cubic 
yard.    The  width  of  cut  and  L  are  fixed  by  the  reach  of  the  shovel. 
In  increasing  the  depth  to  increase  A,  the  danger  of  landslides 
siK>uld  be  considered  as  also  the  height  of  the  loading  track  if 
Qis  are  handled  in  trains  alongside  the  shoveL    On  the  other 
^,  if  the  depth  reaches  a  certain  minimum,  var3dng  with  the 
naterial,  such  that  the  dipper  will  not  fill  in  one  raise,  the  cost  will 
>lso  be  increased  by  increasing  d,  the  time  required  to  load  a  cubic 
foot   The  time  d,  required  to  load  i  cu.  ft.  depends  upon  the 
Diaterial,  the  depth  of  cutting,  the  shovel  and  the  capacity  of  its 
^Pper,  as  well  as  upon  the  skill  and  cooperation  of  the  engineman 
aad  cranesman.    These  men  must  work  together  perfectly  or 
costs  will  be  seriously  affected.    The  results  of  the  tests  taken 
show  that  the  average  time  to  load  i  cu.  yd.,  place  measurement,  is 
*^  loH  seconds  for  iron  ore,  12  for  sand,  18^  for  clay  and  earth 
*fti  31H  for  rock.    These  were  with  average  dipper  capacities, 
ito  measurement  of  i  cu.  yd.  for  rock,  iH  for  earth  and  sand, 
iH  for  clay  and   2H  for  iron  ore.    The  average  ratios  of  place 
ffleasurement   to  water  measurement  for  the  dippers  were  0.94 
for  iron  ore,  0.56  for  sand,  0.61  for  clay,  0.53  for  earth  and  0.43 
for  rock.    The  time,  /,  for  spotting  cars  is  usually  zero,  as  it  is 
done  while  the  shovel  is  turning  and  digging.    This  is  where  the 
train  is  alongside  and  moved  a  car  length  at  a  time  without  switch- 
^.   The  capacity,  c,  is  taken  as  4  cu.  yd.,  water  measurement, 
^  2.5,  place  measurement,  for  ordinary  contracting  work  where  10 
«r  trains  of  side  dumping  cars  are  most  common,  or  w  =  10.    The 
^.  e,  the  shovel  was  interrupted  to  change  trains  averaged  4 
^utes.    The  average  time,   g,   required   to  move  the  shovel 
averaged  8  minutes.    It  depends  upon  the  skill  and   coopera- 
^  of  the  crew  and  pitmen,  and  should  be  done  according  to  a 
*fiwte  schedule.    The  time  lost  by  accidental  delays,  to  be  sub- 
bed in  finding  M,  averaged  about  7H  per  cent,  for  brick  clay, 
*V4  for  sand,  gravel  and  iron  ore,  17H  for  earth,  clay  and  loam 
■om  railroad  Iwrrow  pits  and  crushed  stone  from  quarries,  and  20 
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for  rock  cuts  on  railroad  work;  si^ith  a  maximum  of  about  40  per 
cent,  for  borrow  pits  of  earth  and  56  for  rock  cuts.  These  delays 
may  be  due  to  the  condition  of  the  material  or  to  breakdowns  or  to 
accidents.  Thus,  wet  clay  often  clogs  the  dipper  teeth  and  sticks 
in  the  bucket.  Delays  are  most  frequent,  however,  in  handling 
rock,  especially  if  it  has  not  been  properly  broken.  Large  pieces 
have  to  be  "chained  out"  or  broken  by  mud  capping  or  block- 
holing  and  blasting,  thus  seriously  delaying  the  shovel.  Small 
air  hammer  drills  can  be  used  to  advantage  in  block-holing  as  the 
hole  can  often  be  drilled  on  the  side  of  the  stone  away  from  the 
shovel  and  the  stone  broken  by  light  charges.  Every  effort  should 
be  made,  however,  to  properly  break  the  rock  with  the  original 
blasts.  Holes  a  few  inches  too  shallow  or  with  the  bottoms  not 
proi>erly  loaded  often  leave  ridges  which  must  be  drilled  and  blasted 
before  the  track  for  the  shovel  can  be  laid.  Delays  due  to  break- 
downs should  be  minimized  by  keeping  duplicate  parts  liable  to 
breakage  on  the  job  and  training  the  men  to  make  repairs  quickly. 
The  shovel  should  be  carefully  inspected  each  night  and  parts 
liable  to  break  the  next  day  replaced.  It  should  be  noted  that 
the  use  of  average  values  of  the  various  factors  will  give  only  what 
may  be  considered  standard  cost  curves.  But  estimated  values, 
or  actual  ones  from  time  studies,  are  easily  used,  thus  making  it 
possible  to  vary  conditions  and  determine  what  plan  of  o|)erations 
gives  the  best  results.  The  Bucyrus  formula  shows  clearly  that 
delays,  either  e,  /  and  g,  or  those  which  reduce  the  value  of  if , 
increase  R,  the  cost  of  loading,  and  they  may  also  increase  the  cost 
of  transi>ortation.  The  best  efforts  of  the  management  should 
therefore  be  directed  toward  reducing  these,  both  by  the  use  of 
proper  general  design  and  plan  of  operation,  and  by  careful  super- 
vision during  the  progress  of  the  work. 

Steam  Shovels  for  Light  Work.  For  light  work  or  for  loading 
into  wagons  or  small  cars  a  small  shovel  is  often  preferable.  It  is 
estimated,  for  example,  that  the  Thew  13-ton  full  swing  shovel 
with  traction  wheels  and  ^-cu.  yd.  dipper  can  be  operated  for 
$13.50  per  lo-hour  day,  as  follows: 

Engineman $5  •  00 

Fireman a .  oo 

Two  pitmen 3  •  00 

Fuel  at  I4  per  ton 2 .  00 

Supplies  and  repairs 1.50 

Total |i3S0 

It  is  claimed  that  it  will  excavate  some  35  cu.  yd.  per  hour  in  or- 
dinary soil,  while  if  the  engineman  does  his  own  firing  and  but  one 
pitman  is  used  the  cost  can  be  reduced  to  about  $7  and  the  ca- 
pacity will  be  about  25  cu.  yd.  per  hour.  Allowing  i  minute 
delay  per  load  in  getting  the  i-cu.  yd.  wagons  into  place  and 
a  little  extra  time  for  moving,  this  would  give  20  cu.  yd.  per 
hour,  or  200  per  day  for  the  full  crew.  Dividing  $13.50  by  200 
would  give  6h  cents  per  cubic  yard  for  loosening  and  loading. 
This  does  not  include  delays,  depreciation  or  interest. 

Electric  Shovels.  When  electric  power  is  available,  a  con- 
siderable saving  can  W  m^^  by  the  use  of  the  electric  shovel,  in 


r 


ELECTRIC  SHOVEL  OPERATION  19 


wliich  electric  motors  displace  the  steam  engines  and  boiler  of 
the  steam  shovel.  In  the  construction  of  the  Brantford  and 
Hamilton  (Ont.)  Electric  Railway,  an  electric  shovel  of  i  to  i^  cu. 
yd.  capacity  was  used.  When  this  shovel  worked  in  the  gravel 
{Ht  the  depth  of  the  cut  was  about  14  ft.  The  gravel  was  loaded 
onto  flat  cars  having  14-cu.  yd.  capacity  each,  and  frequently 
IX  loaded  cars  were  hauled  away  daily.  This  meant  an  output  of 
1400  cu.  yd.  loose  measurement,  or  1050  cu.  yd.  placed  measure- 
I  Bent.  The  labor  cost  for  a  day  was  $29.50,  divided  as  follows: 
One  superintendent,  $4;  shovel  crew,  consisting  of  two  shovel 
QC&at  %$  and  two  pit  men  at  $1.50;  one  motorman  at  $3  and  one 
i^pial  man  at  $1.50  for  spotting  cars;  transporting  two  trains,  re- 
hiring two  motormen  at  $3  each  and  two  trainmen  at  $1.50  each; 
liodtwo  men  at  the  dump  at  $1.50  each.  With  1050  cu.  yd.  re- 
moved in  a  lo-hour  day,  the  labor  costs  were  as  follows:  Super- 
intendence, $0,004;  loading,  $0,013;  transportation,  $0,009;  dump- 
iqg,  $0,003;  total,  $0,029  per  cu.  yd.  When  the  output  fell  to  800 
OL  yd.  place  measurement,  the  total  unit  labor  cost  was  $0,037 
p  cubic  yard.  This  extreme  minimum  figure,  of  course,  does  not 
iadude  charges  for  power,  plant,  repairs  and  track  work. 

The  Chautauqua  (N.  Y.)  Traction  Company  gives  the  cost  of 
Vwer  and  labor  for  a  iH-cu.   yd.   electric  shovel,  working  in  a 

Boture  of  gravel,  sticky  clay  and  sand  as: 

I  man  (daily) I2 .  67 

1  man 2 .  00 

2  men  @  $1.20 2.40 

163  kw.-hr.  at  I0.0088 i .  43 

Oil  and  waste,  etc o. 30 

18. 80 
534  cu.  yd.  were  handled  per  day,  making  the  cost  about  1.64 
cenUper  cubic  yard.  This  with  shovel  idle  about  one-half  the  time. 
Mr.  W.  C.  Sparks,  of  the  Rockford  (111.)  &  Interurban  Railway 
8W«  the  following  data  on  the  cost  of  loading  and  hauling  gravel 
'<^  I  month,  with  the  following  equipment:  Shovel,  Thew  elec- 
^^^0. 1,  fuU  circle  swing  dipper  iH  yd.  Three  work  train  motor 
^eachwiUi  four  GE-57  50-HP  motors;  ^allast  cars,  thirteen 
'2-yd,  Western  center  dump.  Conditions:  is-ft.  bank  of  gravel; 
4  per  cent,  grade  out  of  pit;  average  daily  mileage  of  work  trains, 
'?o;shovd  operated  by  three  men;  foreman's  time  divided  between 
pt  and  surfacing  gang;  shovel  not  operated  to  capacity  because  of 
^bOity  to  keep  cars  spotted  for  loading;  power  conditions  only 
**fl  work  trains  cleared  regular  trains;  no  charge  made  for  re- 
Nfs  to  work  and  ballast  cars;  total  yardage  for  month,  6630. 
"»e  detail  of  the  cost  was  as  follows: 

^   ,  Miscellaneous 

Snjfting  track — 12  men  3  hours  at  0 . 20.   7.20 
13  men  3  hours  at  0 .  20 .    7  .  80 

IS. 00 

Oil  and  waste  for  shovel i .  60     i .  60 


^^*Paira— I  man  1 2  hours  at  0 .  25 3 .  00 

I  man    8  hours  at  0.25 2.00 

Material 1.25    6.2s    22.85-0.0034    P«r 


U 


yard 


1 

20  ELECTRIC  RAILWAY  HANDBOOK 


Loading 

Foreman  31  days  at  i .  25 38 .  75 

Operator  324  hours  at  o .  25 81 .  00 

Labor  540  hours  at  o. 20 108 . 00 


237.7s 


Power  used  by  shovel  0.00167 

per  yard  estimated 10.97       10.97    238.72-0.0360       per 

yard 

Transportation 
Work  train  crews   11 29  hours 

at  0.25 282.25    282.25    282.25-0.0420       per 

yard 

Stripping 

36,500  yd.  gravel 11825.00  1825.00  1825. 00-0. 0500      per  ^ 

yard  i 

Power 

1680  miles  loaded  at  o .  08 134 .  00  j 

1680  miles  light  at  o . 06 100.80    235.20     235.20-0.0355       per 

yard 

Average  cost  for  month o .  1669       per 

yard 

Mr.  Sparks  also  gives  cost  of  loading  and  hauling  dirt  for  a  bridge 
fill  during  October,  1913,  as  follows:  Equipment:  Shovel,  Thew 
Electric  No.  i,  full  circle  swing  dipper  iH  yd.;  one  work  train 
motor  car  with  four  GE-57  50-HP  motors,  and  three  12-yd. 
Western  side  dump  cars.  Conditions:  Twelve-foot  bank  of  dirt — 
hardpan  in  bottom;  no  grade  out  of  cut;  average  daily  mileage 
of  work  train,  50;  shovel  operated  by  two  and  three  men;  no 
superintendence  charged;  power  conditions  good;  work  trains 
cleared  regular  trains;  no  charge  made  for  repairs  to  work  on  dump 
cars;  total  yardage  for  month,  9240.    The  detail  of  cost  was* 

Miscellaneous 
Repairs — i  man  14  hours  at  o .  25 .       3.50 
I  man  7  hours  at  0.25.        1.75 
Material 3.75       9.00 

Oil  and  waste i .  50       i .  50 

Installiiig  siding — 

Foreman  2  days  at  2 .  50 . .       5 .  00 
Labor  200  hours  at  o .  20 . .     40 .  00     45 .  00 

Shifting  track — 

Foreman  2  days  at  2 .  50 . .        5 .  00 

Labor  185  hours  at  o .  20. .      37 . 00     42 . 00 

Removing  siding — 

Foreman  i  day  at  2 .  50. . .        2 .  50 
Labor  47^6  hours  at  o .  20 .       9 .  50     12 .  00 

Installing  overhead,  phone,  etc...      15.00     15.00      124. 50-0.0134      per 

yard 

Loading 

Operator  369  hours  at  o .  25 92.25 

Labor  43 1  hours  at  o .  20 86.20  178.45 

Power  used  by  shovel  0.00167  per 

yard  estimated 15-44     iS-44      193.89-0.0209      per 

yard 


r 
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Transportation 
Worktraincrews704hoursato.2S  176.10  176.10  176.  io>o.  01 90  per  yard 

'  Labor  on  Fill 

Foreman  2  days  at  2 .  50 5 .  00 

Labor34S  hours  at  0.20 68.00   73.00     73- 00-0. 0079 per  yard 

Power 

I     775  miles  loaded  at  o .  08 62 .  00 

775  miles  light  at  o . 06 42.50  108.50  108. 50-0. on 7 per  yard 

J       Average  cost 0.0729 per  yard 

I  The  Milwaukee  Electric  Railway  &  Light  Co.  gives  as  follows 
;  fte  records  of  operation  of  an  electric  shovel  while  excavating  track 
trench  in  dty  streets,  lifting  the  loose  gravel  and  crushed  stone 
joaterial  into  s-yd.  dump  cars  on  the  adjacent  tract.  The  operat- 
ing costs  of  this  shovel  on  eight  jobs  approximating  24,060  cu. 
jd.  was  $3,584.25,  or  approximately  14.9  cents  per  cubic  yard. 
iljis  includes  labor,  power,  oil,  etc.  To  the  above  cost  should  be 
•dded  the  fixed  charges  on  the  investment  of  $4000,  as  follows: 

Interest,  taxes,  etc 8  per  cent. 

I  Depreciation 12  per  cent. 

Maintenance 5  per  cent. 

Total  annual  charge 25  per  cent,  or  liooo 

wng  approximately  4  cents  per  cubic  yard,  making  a  total  of 
jj.9  cents  per  yard  as  the  cost  of  owning  and  operating  this  shovel 
w  a  season's  output  of  25,000  yd.  Part  of  this  work  was  done 
Jtirely  on  construction  work,  namely,  new  tracks,  but  that  part 
Jiiie  on  the  operating  tracks  excavation  was  done  at  night,  mainly 
during  the  time  of  the  owl  car  operation.  In  some  cases,  however, 
*^j^t  outer  ends  of  the  lines  stub  service  was  operated  during  the 
^  hours  of  the  night.  It  was  not  found  necessary  to  provide 
*  j^poraiy  running  track. 

The  Indianapolis  Traction  &  Terminal  Co.  states  that  it  uses 
Ijs  shovel  to  excavate,  grade  and  sub-grade,  in  dty  streets. 
^  ditch  is  9  ft.  wide  by  24  in.  deep,  and  an  average  day's  work  is 
340  lin.  ft.,  maximimi  410  lin.  ft.  Work  less  than  300  ft.  is  due 
fo  obstructions,  gas,  water  pipes,  conduits,  manholes,  etc.,  requir- 
^  to  back  up  the  shovel  to  get  over  them.  The  shovel  crew 
consists  of: 

J  operator  at  o .  30  per  hr , $3 .  00 

I  foreman  at  o. 25  per  hr 2 .  50 

8  laborers  at  o.  17^  per  hr 14. 00 

226  cu.  yd.  at  8  9^0  cents  equals I19 .  50 

To  do  an  average  day's  work  requires  a  move  every  6  or  7  minutes, 
^h  move  being  4  ft.  With  deeper  digging  and  less  frequent 
ftoves  a  greater  number  of  cubic  yards  can  be  handled.  It  makes 
J*^  materiar  difference  as  to  the  character  of  the  excavation,  that 
*»  ^y.  gravel,  old  paving  concrete  and  old  ties.  The  old  rail  is 
Wled  out  with  a  crane  car  and  then  the  shovel  is  put  in  after 
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removing  any  of  the  old  paving  that  has  value.  No  current  char^ 
is  made,  but  it  will  average  about  35  amperes  on  550  volts.  O 
clay  digging  in  4-ft.  bank  the  maclune  averaged  420  lin.  ft.  ditq 
9  ft.  wide,  with  same  crew.  In  all  cases  material  was  loaded  int 
6-yd.  standard  gage  Western  dump  cars. 

Hauling  with  Cars  and  Dinkey  Locomotives.  On  new  construe 
tion  this  is  the  standard  method  of  hauling  material  excavated  wi^ 
steam  shovel.  The  usual  gage  is  3  ft.  The  cars  are  side  dump  ^ 
3  or  4  cu.  yd.  capacity  the  latter  weighing  about  6000  lb.  XT 
dinkey  weighs  from  8  to  about  30  tons;  all  on  drivers.  This  lig] 
weight  allows  the  use  of  rails  of  from  16  to  40  lb.  per  yard.  Wi 
5-ft.  ties  about  6  by  6  hi.  in  section,  it  makes  a  light  track  whi 
can  be  easily  shifted  at  cut  or  dump  as  required.  The  followi 
rental  rates  were  quoted  by  an  equipment  company,  July,  191 1. 

Four-cu.  yd.  3-ft.  gage  Western  cars, 

First  month Iio .  50 

Second  month 10 .  20 

Third  to  fifth  month  inclusive 9 .  60 

Sixth  to  eighth  month  inclusive , 9 .  00  ' 

Bach  month  thereafter 8 .  40 

Twelve-ton  dinkey. 

First  month f  141 .  00 

Second  month 132 .  00 

Third  to  fifth  month  inclusive 1 17 .  00 

Sixth  to  eighth  month  inclusive loi .  00 

Each  month  thereafter 93 .  00 

The  rolling  friction  on  this  light  track  is  from  20  to  30  lb.  per  ton 
and  probably  more  in  starting  on  dirty  track.  The  dinkey  can 
exert  a  puUing  force  of  about  one-fourth  of  its  weight.  The  speed 
is  about  5  miles  per  hour  when  loaded  and  8  to  9  when  empty  or 
on  down  gradients  with  smooth  track.  One  dinkey  is  often  used 
with  a  i^-cu.  yd.  shovel  for  leads  up  to  1000  ft.  With  six  cars 
and  three  or  four  dumpmen  the  train  can  be  dumped  in  about  2 
minutes  so  that  good  results  can  be  obtained.  For  longer  leads,  a 
second  engine  would  be  required  for  spotting  cars,  with  cars  enough 
for  two  trains,  one  dumping  while  the  other  is  loading.  The  length 
of  train  and  weight  of  engine  should  increase  with  the  lead  when  the 
work  is  heavy  enough  to  warrant  it. 

Hauling  with  Cars  and  Horses.  Two-foot  gage  i  -cu.  yd.  capacity 
cars  weigh  about  1000  lb.  each  and  iH-cu.  yd.  cars  about  1350, 
so  that  one  horse  can  draw  three  loaded  cars  if  favored  slightly  by  the 
gradient  for  the  heavier  cars.  Fifteen  to  20-lb.  rails  are  heavy 
enough,  with  plank  or  round  timber  ties.  A  side  track  is  put  in 
at  the  cut  and  two  trains  are  used  the  same  as  for  dinkey  engines. 
For  hand  loading  both  tracks  should  extend  into  the  cut  and  be 
used  alternately  to  save  work  in  switching.  Allowing  the  driver 
6  minutes  for  dumping  and  i  minute  at  the  cut,  the  fixed  cost, 
at  $1.50  for  the  driver  and  $1.00  for  the  horse,  would  be  i  cent 
per  cubic  yard  for  the  heavier  cars,  i  cu.  yd.  place  measurement, 
while  the  cost  per  100  ft.  of  lead  would  be  0.14  cent,  giving  for  the 
cost  of  hauling  per  cubic  yard:  To  a  fixed  cost  of  i  cent  add  0.14 
cent  for  each  100  ft.  of  lead.  For  level  or  slightly  rising  track, 
requiring  the  0.8-cu.  yd.,  place  measurement,  cars,  tliis  would  be- 
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:  To  a  fixed  cost  of  iH  cents,  add  0.18  cent  for  each  100  ft. 

lead.  This  assumes  a  dumping  trestle  and  no  trackwork  or 
edation.^  The  trackwork  would  cost  much  less  than  for  the 

vel  and  dinkey,  especially  at  the  cut.  One  cent  plus  0.2  cent 
100  ft  of  lead  should  cover  ordinary  conditions.  With  no 
iping  trestle  iH  cents  per  cubic  yard  should  be  added  for  spread- 

and  about  i  cent  for  extra  shifting  of  track.    This  would  give 

the  cost  of  transportation:  To  a  fixed  cost  of  4.5  cents  add  0.34 

for  each  100  ft.  of  lead,  or  to  a  fixed  cost  of  4%  cents  add  0.4 

for  each  100  ft.  of  lead,  according  as  3  or  2.4  cu.  yd.  are 

per  train.     To  this  must  be  added  the  cost  of  loosening  and 

fnmet  Shovel  and  Standard  Equipment.    Standard  gage  flat 

and  ballast  cars  are  used  on  maintenance  work  in  widening 

tajts  and  fills,  filling  old  trestles,  reducing  gradients,  distributing 

Wast,  etc    The  flat  cars  are  unloaded  by  a  plow  drawn  by  cable. 

^  ballast  or  dump  cars  are  dumped  through  doors  operated  by 

iilr  from  the  brake  system.    For  the  heavy  cars,  inclined  floors 

|'>fter  than  tilting  bodies  make  them  self  cleaning.    The  capacities 

*ftbe  flat  and  ballast  cars  range  from  10  to  about  30  cu.  yd.    The 

«^of  loading  with  power  shovel  and  hauling  on  good  track  with 

«?e  cars  is  less  than  with  the  small  cars  and  poor  track  used  on  new 

J4,  provided  the  forces  can  be  so  adjusted  as  to  keep  all  busy. 

My,  however,  the  work  must  be  done  subject  to  interruption 

«jn  traffic  so  that  a  careful  study  of  conditions  must  be  made  in 

««r  to  estimate  costs.    W.  Beahan,  First  Asst.  Engr.,  L.  S.  &  M.  S. 

gib  a  letter  dated  October,  191 1,  places  the  cost  of  grading 

«f  third  and  fourth  track,  "using  standard  equipment  and  a  haul 

■tttceeding  5  miles  including  loading,  unloading  and  leveling 

*Wytolay  the  ties,  about  as  follows  per  cubic  yard: 

Borrow  pits  or  cuts  with  is-ft.  face |o.  1 1 

wth  cuts,  3  to  lo  ft.  deep 0.15 

«ale  cuts,  all  blasted 0.21 

Wier  rock  cuts  all  blasted  and  requiring  breaking  up  by 

blockholing 0.25 

*«sittdudes  labor  and  supplies  as  follows: 

Foreman  per  month I75 .  00 

Laborers  per  hour,  lo-hour  days 0.15 

Steam  shovel  crew,  8  men  per  lo-hour  day 25 .  00 

Train  service,  labor  and  supplies  per  day 28 .  00 

hiterest,  depreciation,  explosives  and  overhead  charges  are  not 
"wuded.  The  repairs  for  shovel  probably  are  included  as  the  labor 
•^ , performed  by  the  shovel  crew.  Mr.  Beahan  states  that  in 
J™'?  a  short  distance  where  overhead  obstructions  will  allow, 
"Sy  sometimes  let  the  dipper  rest  on  a  flat  car,  remove  the  jack 
J*s  and  haul  the  shovel  with  the  work  train ;  but  that  usually 
l^best  to  take  the  shovel  down  even  for  moving  a  short  distance, 
**»  they  estimate  that  it  will  cost  $100  to  take  a  shovel  out  of  one 
Jttandput  it  in  another,  although  they  can  occasionally  do  it  for 
V-  A.  J.  Himes,  Engr.  of  Grade  Elim.,  N.  Y.  C.  &  St.  L.  R.  R.  Co., 
I  ^^e  cost  of  moving  a  shovel  about  s\ii  miles  through  the  City 
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Labor: 

Taking  down I23  .  36 

Moving 49  - 1 1 

Setting  up 23  .  27 

I95 .  64 

Work  Train  Service: 

Placing   cars   to   load   parts   and   helping  to 

take  down |io. ao 

Moving  shovel  and  bunk  cars 8 .  50         18 .  70 

I114.34 

The  cost  of  shipping  the  above  shovel  from  Ashtabula  to  CIev< 
land  and  setting  up  is  given  as  follows: 

Freight:  shovel  and  three  cars  at  I19.50 I78 .  00 

Boarding  car  and  tool  car  at  I22.50 45 .  00 

Lost  time  shovel  crew 8 .  84 

Setting  up  shovel 31 .  47 

S163.31 

On  new  work,  the  cost  of  moving  from  the  railroad  to  the  sit^ 
would  be  in  addition  to  that  of  setting  up,  or  taking  down  and  setting 
up,  as  above.    This  may  be  over  highways  or  across  coxmtry.     iW 
track  is  required  with  force  sufficient  to  take  up  and  move  forward 
ahead  of  the  shovel.    The  shovel  can  be  moved  with  its  own  pow^em 
if  the  gradients  are  not  too  steep.    If  too  steep  for  adhesion,  one  ' 
end  of  a  rope  can  be  anchored  ahead,  the  other  end  wound  around.  ' 
the  driving  axle  and  the  running  gear  started.     No  general  estimate  .1 
of  cost  of  moving  can  be  given  on  account  of  the  variation  in  con-*  ^ 
ditions.    The  Bucyrus  Handbook  of  Steam  Shovel  Work  states  that  i 
a  70- ton  shovel  was  moved  1600  ft.  in  8  hours  by  the  shovel  crewel 
16  men,  foreman  and  one  team  at  a  total  cost  of  $34  or  2.12  centa  I 
per  foot.  ' 

Culvert  Openings.  The  following  run-off  formulas  for  culvert  ■ 
openings  are  taken  from  the  report  of  Committee  on  Drainage  of  the- 
lUinois  Society  of  Engineers  and  Surveyors,  1913.  In  these  formu- 
las, M  =  area  of  watershed  in  square  miles;  A  =  area  of  watershed 
in  acres;  Q  =  maximum  discharge  entire  watershed  in  cubic  feet  pet 
second;  q  —  maximum  discharge  per  square  mile  in  cubic  feet  per 
second;  c  =  coefficient;  a  =  area  of  opening  required  in  square 
feet: 

Talbott:  a  —  c\/A^,    c  =  0.6  for  flatl  and;  c  =  0.85  for  mod- 
erate  slope;  c  =  i.i  for  steep  slope 

Myers:  a  =  cs/Jl,    c  =  i  for  flat  land;  c  =  1.6  for  hilly  land; 
c  —  ^  for  mountains 

Peck:  a  —-  -.    c  =  4to6  (Missouri  Pacific  Ry.) 

Wentworth:  a  —  A^^,     Applicable  to  conditions  on  Norfolk 
&  Western  R.  R. 


C.  B.  &Q.:  e  =:-^°^°  7— - 

3  +  2VM 


i 
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Cooley:  (i)  Q  =  20oJfH,  (2)  Q  =  iSoifW 
Tidewater  Ry.  Co.:  a  =  0.62^^0 

El  Paso  &  Southwestern  Ry.:  Q  =  i2a/' 

I42lJI(f 


'8000 


CConnell:  Q  = 


0.31 1 


Vm 


\ 


A.  A.  OOA 

Iuichling:  For  occasional  floods:  a  —  7^! h  20; 

'       if  -f  170 

t  a     A  127,000      , 

for  rare  floods:  a  =  ,,   . r  7-4 

Af  -h  370 

Murphy:  a  -  ,^  !^^° — h  15 
^       Jf  4-  320        ^ 

Gjay:  q  =  5.893fH 

Fanning:  Q  =  cif^.  c  =  130  to  200  for  New  England  and  Ap- 
palachian watersheds;  c  —  60  to  100  for  eastern  middle 
states  watersheds;  c  =  12  to  50  for  western  tributaries  of 
Mississippi  River  north  of  Missouri  River. 

Wooden  Trestles.  The  reasons  for  the  common  use  of  wooden 
tetles  on  new  work  are  summarized  in  an  editorial  in  the  Engi- 
*ing  News  as  follows: 

I  A  well-built  timber  trestle,  while  it  lasts,  is  a  very  solid  and 
afc  structure,  and  it  lasts  normally  in  good  condition  for  from  5 
to  10  years  while  much  hastily  built  masonry  gives  out  in  i  or 
'years. 

a.  There  is  more  time  to  determine  accurately  the  size  of  opening 
"irfwiand  thus  avoid  needless  washouts;  besides,  well-built  timber 
^''ctnres  are  less  likely  to  wash  out  suddenly. 
.  3.  The  time  of  construction  is  shortened  materially,  often  an 
™Want  consideration. 

M*  The  masonry,  when  at  last  built,  is  almost  certain  to  be  better 
waad  of  better  stone.  Haul  then  is  of  less  importance  and  there 
2^  n^ore  time  to  secure  good  materials.  The  roads  are  few  on 
JjA  any  large  proportion  of  the  original  masonry  is  in  good  con- 
™«i  after  10  years.  This  is  especially  true  of  the  smaller  struc- 
™,  such  as  cattle  guards  and  open  culverts  which  are  often  so  poor 
*  to  shake  to  pieces  in  a  few  months.  The  lesson  that  the  smaller 
™c  structure,  the  larger  and  better  dressed  must  be  the  stones 
^''^oiposing  it,  if  it  is  to  be  durable,  is  one  which  engineers  are  slow 

5'  It  is  easier  to  introduce  long  and  high  fills  afterward  to  be 
""jd  by  train,  or  replaced  by  masonry  or  iron,  and  thus  to  secure 

^  helter  alinement  and  avoid  rock  cutting  or  other  objectionable 

»ork. 

6.  A  very  large  part  of  the  total  cost  of  the  line  in  its  permanent 
^^  is  postponed  for  6  to  8  years  past  the  trying  years  of 
^y  operation;  thus  not  only  saving  the  interest  on  the  cost  of 
toe  permanent  work  but  going  far  to  protect  the  company  from 
the  danger  of  early  insolvency,  which  has  proved  so  deadly  to  many 
overconfident  companies. 
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7.  The  only  necessary  disadvantages  are  the  liability  to  decay 
and  fire.  To  guard  against  the  former  is  a  mere  question  of  in- 
spection. The  danger  from  fire  is  a  real  one  and  every  year  has  its 
record  of  accidents  resulting  therefrom,  but  if  the  danger  is  real 
it  is  small.  There  are  few  such  accidents  and  those  mostly  from 
gross  carelessness.  In  proportion  to  their  number,  accidents  from 
iron  structures  have  been  vastly  more  numerous  and  more  fatal, 
and  the  same  is  true  in  substance  of  small  masonry  structures  where 
the  great  liability  to  washouts  is  a  serious  matter. 

The  reasons  given  above  will  apply  to-day  in  sections  where 
timber  is  cheap,  the  country  and  trafl&c  undeveloped,  and  the 
company  with  scarcely  sufficient  means  to  put  the  road  in  operation. 
In  improvements  in  alinement  and  gradients,  or  in  building  exten- 
sions and  branch  lines  in  a  fairly  well-developed  country  by  a 
prosperous,  well-established  company,  the  conditions  are  different 
and  the  tendency  is  toward  masonry  structures  with  solid  floors 
so  as  to  give  a  continuous  ballasted  roadbed.  In  improvements 
under  heavy  traffic,  as  in  track  elevation  or  depression,  grade  re- 
duction, etc.,  timber  trestles  are  usually  necessary  to  carry  the  track 
until  the  permanent  roadbed  is  completed. 

Quantities  of  Material  and  Cost  of  Wooden  Trestles.  The 
editors  of  Engineering-Contracting  from  a  carefully  prepared  and 
tabulated  bill  of  materials  for  the  Northern  Pacific  Railway  stand- 
ard wooden  trestle  deduced  the  following  formulas  for  prelimi- 
nary estimates: 

M  =  220  +    dU  for  H  between  20  and  25 
=  240  +    8H  for  H  between  25  and  so 
=  240  +    pfl"  for  H  between  50  and  75 
«=  240  -i-  loH  for  H  between  75  and  125 
where  M   «=  feet  B.M.  in  trestle,  including  deck,  per  lineal  foot. 

H   =  average  height  from  ground  to  a  point  3H  ft.  below  base 
of  rail. 

The  division  into  groups  is  due  to  the  construction  of  high  trestles 
in  stories,  each  story  being  about  25  ft.  The  bents  are  15  ft.  9  in. 
centers.  Each  has  four  12  by  12-in.  posts,  the  outside  posts  having 
a  batter  of  3  in.  per  foot  and  the  inside  posts  a  batter  of  i  in.  per 
foot.  The  deck  consists  of  six  9  by  i8-in.  stringers,  with  8  by  8-in. 
cross  ties  i3H-in.  centers  and  5  by  8-in.  guard  rails,  a  total  of  164 
ft,  B.M.  per  lineal  foot  of  trestle.  For  the  deck  there  are  40  lb. 
of  wrought  iron,  25  lb.  of  cast  iron,  and  25  lb.  of  galvanized  iron, 
a  total  of  90  lb.  per  1000  ft.  B.M.  of  timber,  or  15  lb.  per  lineal  foot 
of  trestle.  For  the  bents  and  braces  there  are  about  35  lb.  of 
wrought  iron  and  a  little  less  than  15  lb.  of  cast  iron  per  1000  ft. 
B.M.,  a  total  of  50  lb.  per  1000  or  0.05  lb,  per  foot  B.M.  of  timber. 
This  would  give  in  pounds: 

Iron  per  foot  of  trestle  =  15  +  0.05  (Af-164). 

If  piles  are  used  under  the  sills  as  for  the  Sante  Fe,  five  would  be 
required  for  the  heights  up  to  25  ft.  and  six  above  that  height. 
The  average  penetration  will  be  from  12  to  18  ft.,  depending  on  the 
soil,  requiring  about  20-ft.  piles. 

For  a  pile  trestle,  four  piles  per  bent,  bents  i6-ft.  centers,  with 
20  ft.  per  pile  allowed  for  penetration  and  cut  off,  lineal  feet  of 
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i  per  foot  of  trestle  =  (20  +  ^)/4,  where  H  is  the  average  height 
et  to  a  point  3^  ft.  below  base  of  rail. 

le  sawed  lumber  per  foot  of  trestle  =  185  ft.  B.M.  for  trestles 

under  15  ft.  high. 
=  200  ft.  B.M.  for  trestles 
15  to  25  ft.  high. 

iron  weighs  16  lb.  per  foot  of  trestle;  40  per  cent,  is  wrought, 
[oist  and  30  galvanized. 

*""    bridge  carpenters  at  $2.50  i)er  day  it  is  stated  that  the  cost 

Iframing  and  erection,  including  the  handling  of  the  iron,  should 

ly  exceed  $10  pex  1000  ft.  B.M.,  while  the  cost  of  driving  the 

is  placed  at  7  cents  per  lineal  foot  of  pile  (not  per  lineal  foot 

letration).     Freight  or  freight  and  cartage  must  be  added 

cost  of  the  material  if  delivery  was  not  included  in  the 

eprice. 

Trestles.     The  general  t}rpe  of  construction  is  with  spans 
itely  about  30  and  60  ft.  without  much  regard  to  height  of 
le;  longitudinal  bracing  is  placed  under  the  30-ft.  spans  joining 
vertical  bents  in  pairs  forming  towers  capable  of  resisting  the 
7tudinal  forces  due  to  starting  and  stopping  trains  on  the 
The  open  deck  is  carried  by  plate  girders  spaced  to  support 
'ties  on  the  upper  flanges;  the  bents  are  in  vertical  planes  and 
fposts  batter  about  2  in.  per  foot.     Each  post  rests  on  a  masonry 
J  some  4  to  s  ft.  square  at  the  top  and  large  enough  at  the  base 
reduce  the  unit  pressure  on  the  foundation  to  a  safe  value. 
ftflior  bolts  are  set  to  templet  before  the  pier  is  biult  and  masonry 
adds  to  stability  in  the  case  of  wind  pressure  strong  enough  to 
.^ce  tension  in  the  post. 
The  following  formulas  have  been  given  for  weight  per  foot  of 
j wain  terms  of  height  of  trestle: 
'•  C.P.  Howard,  Eng.  News,  1906,  for  Cooper's  E  40  loading. 

per  foot  =  520  lb.  for  height  of  20  ft., 
=  1200  lb.  for  height  of  60  ft., 
=  1530  lb.  for  height  of  90  ft. 

'•The above  values  with  20  per  cent,  added  for  Cooper's  E  50 

3'Mtors,  Eng.-Cont.,  1907,  for  two  116-ton  engines  followed 
^3000  lb.  per  foot,  spans  30  and  60  ft.  alternating. 
I'^jght  per  foot  =  600  +  12  times  height. 
^It  is  claimed  that  this  has  been  used  in  estimating  the  weight 
'^y  viaducts  of  different  heights  and  has  been  found  to  give 
^  close  results  except  for  heights  as  low  as  20  to  25  ft. 
^  H.  G.  T)n:ell,  Eng.  News,  1900,  for  two  engines  weighing  100 
^  each  followed  by  4000  lb.  per  foot.     Unit  stresses  10,000  and 
['iOoo  lb.  per  square  inch. 

'^Qght  per  foot: 
I^eck  plate  girder   =  100  +  9  times  span, 

=  550  for  spans  of  30  and  60  ft. 
Sents  and  bracing  »  9  times  height. 


28  ELECTRIC  RAILWAY  HANDBOOK 

5.  Electric  railway  trestles  for  25-ton  cars,  or  2000  lb.  per  lineal 
foot. 

Weight  per  foot: 
Deck  plate  girder  =  30  4*  5  times  span, 

=  260  for  sjjans  of  30  and  60  ft. 
Bents  and  bracing  =  6  times  height. 

Ballast  Broken  stone  ballast  is  usually  given  first  place  on 
account  of  its  durability  and  stability.  It  drains  well  and  is  but 
slightly  affected  by  weather  conditions  unless  filled  with  snow  and 
ice.  It  is  expensive  as  it  is  difficult  to  get  even  support  for  the  ties 
in  working  to  line  and  surface,  and  a  small  lift  in  track  cannot  be 
made  without  breaking  up  the  bed  under  the  ties.  The  stone  is 
broken  to  pass  about  a  2H-in.  ring  and  the  fine  material  up  to  about 
yi  in.  should  be  screened  out.  By  using  two  sizes,  the  large  for 
the  bottom  and  the  small  for  the  top,  aroimd  the  ties  good  drainage 
may  be  secured  and  the  disadvantages  in  surfacing  largely  reduced. 
Granite,  trap,  many  of  the  limestones  and  occasionally  a  sandstone 
will  break  into  pieces  which  are  fairly  cubical  and  make  durable 
ballast.  Stone  which  breaks  into  flat  or  angular  pieces  is  not 
satisfactory.  Stone  ballast  should  be  handled  with  forks  rather 
than  with  shovels  to  avoid  dirt  which  interferes  with  drainage  and 
encourages  the  growth  of  weeds  besides  being  dusty.  The  cost 
varies  greatly  in  different  parts  of  the  country,  from  45  to  75  cents 

ejr  cubic  yard,  f.o.b.,  at  the  crusher,  being  a  fair  average.  The 
bor  of  placing  under  track  and  tamping  will  be  from  15  to  25 
cents  per  cubic  yard.  The  cost  of  hauling  by  train  and  dumping 
from  ballast  cars  will  depend  upon  distance,  density  of  traffic,  etc. 

Gravel  is  the  material  in  most  general  use  on  account  of  its 
wide  distribution  and  its  many  good  qualities.  The  feeling  is 
quite  general  among  railroad  engineers  that  for  ordinary  traffic 
track  it  will  keep  in  better  line  and  surface  than  broken  stone. 
As  a  mass  it  is  more  elastic,  easier  on  ties  and  rolling  stock  and  less 
noisy,  while  track  can  be  maintained  in  first-class  condition  at  less 
cost.  The  size  that  will  p&ss  through  about  a  iH-in.  mesh  is  con- 
sidered best,  although  a  larger  size  wBl  give  good  results  if  combined 
with  smaller  stone  and  coarse  sand.  Fine  sand  or  clay  will  retard 
drainage  and  encourage  the  growth  of  weeds;  washing  is  sometimes 
resorted  to  with  good  results.  Camp,  in  "Notes  on  Track,"  places 
the  liinits  of  cost  commonly  met  with  at  15  to  40  cents  per  cubic 
yard  in  place  in  completed  track,  10  to  15  cents  of  which  is  due  to 
handling  the  gravel  after  it  is  delivered  on  or  at  the  side  of  the 
track.  This  includes  the  labor  of  placing  it  under  the  track,  shovel 
tamping,  filling  in  and  dressing  off. 

Slag  and  burnt  clay  are  used  as  substitutes  for  broken  stone,  the 
former  when  available  at  blast  furnaces  on  account  of  lower  cost 
and  the  latter  in  sections  where  broken  stone  can  only  be  obtained 
by  a  long  haul.  ^  The  slag  is  preferred  when  poured  so  that  it  will 
spread  out  in  thin  layers.  In  this  way  it  becomes  hard  and  brittle 
and  will  break  easily.  It  should  contain  but  little  free  lime.  In 
track  it  has  about  the  same  characteristics  as  broken  stone  and  it 
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Fig.  3. — Ditch  in  shallow  rock  cut, 
ballast  12"  deep. 


Fig.  5.— Ditch  in  wet  earth  or  gravel* 
12"  stone  or  gravel  ballast. 


nicDnla* 


Fig.  7. — Ditch  in  clay  cut,  stone, 
or  cindef  ballast. 


"ft  8.--Ditch  in  cut,  dirt  Fig.  9. — Section  of  earth  in  cut. 

ballasted  track. 


I 


ftc.  io.-Section  of  earth  on 
embankment. 


Fig.  II. — Section  of  cemening.t 
gravel  ballast  in  cut. 


[J ._ 

m    '      1  balhJ?^^^  of  cementing       Fig.   13. — Section  of  coarse  and  loose 
■  ^""*  on  embankment.  gravel  ballast  in  cut. 


^r.1 


30 


ELECTRIC  RAILWAY  HANDBOOK 


is  used  in  the  same  manner.    The  burnt  clay  is  obtained  by  burning 
gumbo  or  other  suitable  clay  free  from  sand  with  coal  slack. 

The  depth  of  rock  ballast  required  to  produce  uniform  pressure 
on  the  subgrade  with  ties  7  by  9  in.  by  SH  ft.  spaced  2-ft.  centers 
is  about  24  in.  as  determined  by  experiments  on  the  Pennsylvania 
Railroad,  Proc.  Am.  Ry.  Eng.  Assn.,  191 2,  and  by  Director 
Schubert.  The  former  experiments  also  showed  that  the  lower 
14  to  18  in.  could  be  replaced  with  cinders  without  appreciably 
affecting  the  results. 

Typioil  Earthwork  and  Ballast  Sections,  as  given  by  Camp  in 
"Notes  on  Track,"  are  shown  by  Figs.  2  to  16,  inclusive. 

Ties.  The  timber  cross  tie  should  be  8  ft.  long  with  a  tendency 
to  increase  to  8  ft.  6  in.  for  heavy  traffic.    The  usual  thickness  is 
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Fig.  14. — Section  of  coarse  and  loose       Fig.   15. — Section  of  stone  ballast 
gravel  ballast  on  embankment.  in  cut. 

from  6  to  7  in.,  6^  to  7  in.  would  be  better,  while  the  minimum  face 
should  be  about  "6  in.  for  pole  ties  and  8  in.  for  those  with  rectangu- 
lar section.  The  thickness  should  be  uniform  so  that  ties  can  be 
renewed  without  disturbing  the  old  beds;  differences  in  width  can 
be  provided  for  by  varying  the  spacing  to  keep  the  bearing  area 
per  foot  of  track  constant  up  to  the  limit  for  narrow  ties  which 
would  interfere  with  tamping. 

White  oak  is  placed  at  the  head  of  the  list  of  timber  available  in 
this  country  for  durability  from  decay,  holding  spikes  and  freedom 
from  rail  cutting.    Its  life  is  from  5  to  10  years  depending  upon 

traffic  and  climate  and  to  some  extent 
upon  ballast.  Burr  or  rock  oak,  chest- 
nut oak,  and  red  oak  are  placed  in  or- 
der of  value,  the  life  of  the  last  not  being 
more  than  one-half  that  of  white  oak. 
Pine  is  next  in  importance  on  account 
of  its  abundance.  The  long  leaf  yellow 
pine  will  last  nearly  as  long  as  the  white 
oak,  the  loblolly  rather  more  than  one- 
half  as  long  and  the  southern  pitch  pine  about  a  mean  of  the  other 
two.  There  are  many  of  the  other  woods  in  use  some  of  which 
as  chestnut  and  cedar  are  durable  but  require  tie  plates  for  protec- 
tion to  secure  full  life,  while  others  as  heinlock,  elm,  etc.,  will  decay 
in  a  few  years  unless  treated.  All  ties  should  be  stripped  of  bark 
and  allowed  to  season  thoroughly  before  being  put  in  track. 
Wood  Preservation.    See  index. 

Effect  of  Zinc  Treatment  on  Spikes.  The  Third  Annual,  Report 
of  the  Board  of  Supervising  Engineers,  Chicago  Traction,  states 
that  examination  of  track  built  in  previous  years  showed   that 


Fig.    16. — Section  of    stone 
ballast  on  embankment. 
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V  spites  had  been  inserted  in  ties  treated  with  zinc  chlo- 

Kadeterioiationof  the  spike  resulted.    The  reason  for  the  damage 

Ueved  to  be  local  chemical  and  galvanic  action  in  the  bored 

b  hde,  which  usually  contains  water,  each  spike  hole  forming 

Dgle  cell  containing  a  strong  solution  of  zinc  chloride  in  which 

IfKicw  spike  is   immersed.     Free   chlorine   and   hydrochloric 

xs  assist  in  the  destruction.     While  there  seems  to  be  no 

lie  remedy  at  hand  which  might  he  applied  to  stop  or 

'  suspend  the  deterioration  which  is  going  on  apparently 

Dies,  the  obviation  of  this  difficulty  in  the  future  will  be 

1  by  abandonment  of  zinc-treated  ties  for  ties  treated  with 

.    Therefore,  spcdfcations  have  been  revised  to  include 

I.  I  white  oak,  ^  per  cent,  heart  yellow  pine  (both  un- 

and  soft  wood  ties  treated  with  cteosoting  process  only. 

tyie  Gturds.     A  wooden  slat  guard  used  on  the  lUinois  Central 


r-^ 
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—Wooden 


■Mis held  down  at  the  end  with  a  piece  2  by  6  in.  beveled  to 
[^«iid  «ith  the  bevel  at  the  end  of  the  slats;  that  at  one  end  is 
W  and  that  at  the  other  held  by  lag  screws  for  convenience  in 
^al  for  repairs  or  track  work.  The  ballast  should  be  par- 
^temoved  between  the  ties,  so  that  the  slats  will  not  have  the 
'P|*''''ce  of  a  solid  support.  Camp  advocates  a  length  of  at  least 
^  lis  being  more  effective  in  tummg  ranch  stock  than  the  length 
' '"  w  ft.  in  common  use.  Whitewashing  the  guard  and  the 
*y^  'faces  so  as  to  give  opportunity  for  stock  to  turn  aside 
S*  tian  to  walk  into  a  pocket  \rill  increase  the  effectiveness 
["juard.    Metalguardsofvari.  .     ■      -.      -vl. 

*"  wooden  guards  ready  for  u 
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pending  upon  length  and  size  of  slats.    Tbe  cost  of  metal  guaxds 
of  sufficient  strength  to  be  durable  would  be  somewhat  greater.  ■ 
To  this  must  be  added  cost  of  placing  and  the  cost  of  the  fencing. 

Fences.   The  American  Railway  Engineering  Association  Manual 
gives  specifications  for  three  classes  of  smooth  wire  fences  4}^  ft. 
high  with  wooden  posts.     Preference  is  given  to  smooth  wire,  but  if 
barbed  wire  is  used,  a  heavy  smooth  wire,  or  a  plank  at  the  top 
of  the  fence  is  recommended.     For  the  three  classes  of  smooth 
wire  fence,  galvanized  No.  9  gage  is  used  throughout  except  for 
the  top  and  bottom  longitudinal  wires  of  Class  i  which  are  !N"o,  7 
gage.    The  longitudinal  wires  are  all  coiled;  the  spacing,  commenc- 
ing at  the  bottom,  is  Class  i:  3,  4,  s,  6,  7,  8,  9  and  9  in.;  Class  2: 
5,   6Hy   yHj   9,    ID  and   10  in.;  Class  3:  14,  14  and   14  in.      Tiie 
bottom  wire  is  to  be  placed  above  the  ground  3,  6  and    12   in., 
respectively,  for  the  three  classes.    The  stay  wires  are   spaced 
12,  22  and   22  in.,  respectively.    Intermediate  posts  are  to  be  8 
ft.  long  and  not  less  than  4  in.  in  diameter  at  the  small  end,  and 
end  posts  9  ft.  long  and  8  in.  in  diameter;  round  posts  are  pre- 
ferred.   The  posts  are  to  be  set  with  the  large  end  down,  the  end 
posts  4  ft.  deep  and  the  intermediate  ones  3  ft.,  with  spacing  from 
16^  to    ss  ^t.,  depending  upon  the  nature  of  the  ground  and  the 
service  required.     Gates  are  necessary  at  farm  or  private  crossings. 

In  Bulletin  No.  144  of  the  Railway  Engineering  Association,   | 
it  is  stated  that  the  tendency  to  use  reinforced  concrete  posts  is    I 
increasing  and  that  the  figures  prevailing  for  the  most  popular    » 
form  now  on  the  market  are  from  18  to  22  cents.    The  prevailing 
cost  for  wood  posts  of  the  most  durable  kinds  of  timber  native  to    • 
the  road  is  from  12  to  15  cents.     Several  forms  of  metal  p>osts 
are  being  made,  and  it  is  claimed  by  a  large  manufacturer  that 
they  will  have  a  life  of  at  least  30  years  and  can  be  delivered  at 
reasonable  distances  for  23  cents  f.o.b.  line  of  road. 

Camp,  Track,  estimates  that  under  average  conditions  the  labor 
of  building  a  mile  of  barbed  wire  fence  four  strands  high,  posts 
16  ft.  apart,  is  about  13  days  work  (lo-hr.  day);  with  posts  12  ft. 
apart,  16  days;  with  top  board  and  four  wires,  posts  12  ft.  apart, 
18  days.  For  a  fence  with  a  diflFerent  number  of  wires  aUow  about 
8  hours  labor  for  each  wire.  Experienced  fence  men  working  by 
contract  will  build  about  50  per  cent,  more  fence  per  day  than  the 
same  number  of  ordinary  track  laborers  engaged  on  the  work  only 
a  short  time  each  season.  The  average  cost  for  labor  in  erecting 
22  miles  of  Page  woven  wire  fence,  posts  17  ft.  apart  and  set  3 
to  3H  ft.  in  the  ground,  was  17.2  cents  per  rod  as  shown  by  the 
report  of  the  fence  gang  of  a  certain  railroad.  The  surface  was 
generally  rough  and  uneven  and  a  great  many  anchor  posts  had 
to  be  used.  The  cost  stated  covered  the  labor  of  loading  and 
unloading  new  material,  removing  the  old  fence  and  piling  or  burn- 
ing it,  and  the  time  used  in  moving  the  fence  gang  from  point  to 
point. 

Snow  Fences.  Where  much  trouble  is  experienced  from  drift- 
ing snow,  snow  fences  have  been  extensively  used  to  protect  cuts 
and  other  places  where  snow  accumulates.  These  snow  fences 
may  be  installed  permanently  or  may  be  made  of  the  portable 
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The  standard  portable  snow  fence  of  the  New  York  State 
-  ■  shown  in  Fig.  18,  from  the  Electric  Railway  Journal, 


Pig.  18.— N.  Y.  State  Rutway'i  portable  snow  fence. 


Jto  Kaitwy  Roadbed  Constnictioa.    Tlie  constructioo  of 

IJfco  in  highways  must  necessarily  difEer  materially  from  con- 
"■tMi  on  private  right  of  way,  and  as  the  conditions  as  to  high- 
Jhic,  pavement,  etc.,  vary  so  widely,  it  is  not  possible  to 
■"tdiM  such  construction  to  so  great  an  extent  as  has  been 


Pre.  ig. — Standard  conatniction  Cleveland. 

J*  "Ik  case  of  tbe  private  right  of  way  roadbed.  Figs,  iij 
^*dusve,  illustrate  roadbed  construction  in  streets  as 
^■^ki'various  electric  railways,  including  construction  with 
a  wdinary  ballast  in  unpaved  streets  as  weU  as  various 


*Wl«RI 


Pig.  30. — Standard  constniction,  San  PrBncisco. 
J^ «  ties  and  concrete  base  construction  in  various  forms  of 
Ej^  I'"  paved  streets  the  type  of  substructure  which  is  pte- 
S',}'  ^'^  largest  number  of  companies  seems  to  be  a  regular 
Jjw  wnstrucUon  witb  broken  stone,  gravel,  slag  or  cinder 
I^  0  to  S  in  i]riTi  iinHpr  tVip  ti(«i.  nrains  are  sometimes 
This  is  used  both 


iL 


34  ELECTRIC  RAILWAY  HANDBOOK 


""^Z 

f— .-  »•  ■"    ,.—»". 

,^^^;i;jA^jii^,LLiag^:| 

Eiji^ 

^:uAilu2;;x:I:£:jJ 

Pir    3 

—Gravel  ballast  constniction.  Houston. 
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Fig.  as.— Standard  construction.  Milwaukee. 
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Fig.  36. — Standard  construction.  Kansas  City. 


Fia.  IT. — Standard  of  Illinois  traction  system. 


Fic    aS^-^tandud  constiact  on    St.  Louis 


Pig.  30.— Concrete  construction,  Chicago. 


^ 


Flc  JO — Concrete  constiactkm,  Memphis. 


36 


ELECTRIC  RAILWAY  HANDBOOK 


Doable  Track 
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Fig.  31. — Concrete  construction,  Houston. 
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Pig.  32. — T-rail  construction,  Memphis. 
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Pig.  33. — T-rail  construction,  Dallas. 
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Fig.  36.— -Standard  construction.  Minneapolis. 
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Pig.  37-— Standard  construction,  Newark,  N.  J. 
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with  and  without  a  paving  base.  The  type  of  substructure  a1 
present  next  to  the  above  in  preference  and  use  appears  to  be  s 
soUd  concrete  construction  either  with  steel  ties,  4-ft.  centers,  01 
wood  ties,  2 -ft.  centers,  and  concrete  4  to  8  in.  under  the  ties, 
extending  up  between  the  ties  to  provide  a  paving  base.  The 
tendency,  however,  is  to  leave  the  type  with  a  solid  concrete  founda- 
tion  and  rails  fastened  to  it,  for  more  flexible  types.  The  reduction 
of  noise  is  a  factor  as  well  as  the  maintenance  of  track,  pavement 
and  equipment.  A  type  of  substructure  which  has  recently  cotae 
into  use  is  that  with  the  ties  resting  on  2  to  3  in.  gravel  or  broken 
stone  on  top  of  a  6-in.  concrete  slab;  a  concrete  paving  base  being 
provided  between  and  over  the  tops  of  the  ties. 

Characteristics  of  Track  Construction  in  Paved  Streets.  The 
figures  on  pages  33  to  37,  inclusive,  the  tables  on  pages  38  to  41, 
inclusive,  as  well  as  the  following  from  Electric  Railway  Journal, 
1 913,  show  details  of  the  track  construction  in  paved  streets  in  a 
number  of   North  American  cities. 

Characteristics  of  Track  Construction  in  Paved  Streets 


City 

Roadbed  under  ties 

Ties 

Spac'g 

Kind 

Size 

Baltimore 

6*  ballast  under  ties 

2'^" 

Wood 

6*X8'X8' 

Birmingham . 

6''  I  -.3 :6  slag  concrete. . . 

3'4' 

Creosoted 
pine. 

6'X8'X7'6-' 

Boston 

6"  trap  rock — 1:2:5  con., 
width  aV^''.  cr.-r'k  cush- 

2'0' 

Long-leaf 

6'X8'X8' 

pine. 

ion. 

Buffalo 

8'  1:3:5  grav. — concrete 
with  2"  sand  cushion. 

2'0' 

Long-leaf 
pine. 
Yellow  pine 

6»X8»X7' 

Chicago 

8'  crushed-stone  ballast. 

2'0' 

6'X8'X7' 

&     creo- 

soted oak. 

Cincinnati... . 

d"  1:3:7  rock  cone,  4* 
farm  drain  in  center. 

2'^" 

White  oak.. 

6-'X8'X8' 

Cleveland. . . . 

d"  1 :6  gravel  cone,  under 
tie  &  13''  under  rail. 

A'o" 

Carnegie 
steel. 

6'6'  long 

Dallas 

6'  1:7  gravel  concrete, 
6'  1 :3 :6  rock  concrete. 

Z'o" 

Hd.     pine, 

drop  anchs. 

ev.  2d  tie. 

6'X8-'X7' 

Detroit 

8*  1:2:4  grav.  cone,  i* 
sand  cushion  under  ties 

3'o' 

White  oak. 

6'Xio'X6'8* 

Harrisburg. . . 

6'  cr.  r'k  ballast  under 
ties. 
6*  1 :3 :6  rock  concrete . . 

3'0' 

Chestnut. . . 

6'X8'X7'6' 

Houston 

5'o' 

Pecky    cy- 

6'X8-'X7' 

press.  Anc. 
bet.  ties. 

111.  Trac 

8"  grav.  ballast 

2'0' 

Creo.  white 
oak. 

6'X8'X8' 

Indianapolis. . 

d"  to  10*  1:2^:5  gravel 
concrete  under  ties. 

2'0' 

White  oak. 

6' X  8^X8' 

Kansas  City. . 

8"  to  \2''  crushed  rock 
balla.st  under  ties.  Tile 
drain. 

20" 

White  oak. 

e'xs-'xs' 

Little  Rock  . . 

d"  crushed  stone 

2'0' 

Creosoted 
pine,  sawed 
Steel     ties. 

6'X8'X8' 

Louisville. .  .  . 

6*    crushed   stone   con- 

2' 

4^'X6'6' 

crete. 

oak  ties. 

6»X8-'X8' 

Los  Angeles. . 

, 

20'' 

Redwood. . , 

6'X8*X8' 

Milwaukee. . . 

6*   No.  4  crushed  rock 
and  394    No.  2  crushed 

2'0' 

Long-leaf 

yel.    pine. 

rock. 

wh.  oak. 

Memphis 

d"  crushed  rock  concrete 

s'o" 

Creo.    pine 
ties. 

6'X8'X8' 
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Ties 

City 

Roadbed  under  ties 

Spac'g 

Kind 

Sise 

Minneapolis. . 

6*'  rock  ballast  ^ith  2" 
gravel  under  ties. 

2'0' 

Oak  or  pine 
creosoted. 

6'X8'X8' 

Hontreal 

8"  1:3:6  rock  concrete, 
i"  sand  cushion  under 
ties. 

2'0' 

Pine    and 
cedar. 

6'X8''X8' 

Jlevark 

6*  crashed  rock  or  slag 
under  ties. 

2'o' 

Long-leaf 
pine,  creo- 
soted. 

6»X8-'X8' 

Kcw  Haven.. 

Natural   gravel   ballast 
in  subsoil. 

2'0' 

White   oak 
and  chest- 
nut. 

6'X8'X8' 

lUadelphia. 

i8'X  10'  concrete 

4'0' 

Cast-iron 

stringer. 

chair 

Pittsburgh.  . . 

8'   stone  ballast  under 

2'0' 

6'X8'X8' 

ties. 

Portland  , 

6*  to  8'   gravel  ballast 

2'0' 

Fir 

7'X9'X8' 

Ore. 

under    ties    with    tile 
drain. 

6'Xio''X6' 

VirtimnnH 

6'  concrete 

8'o' 

Carnegie . . . 

4H''X6'8' 

Seattle. 

6*  1:4:7  concrete 

18' 

Washington 
fir. 
Redwood... 

6'X8'X7' 

m 

S«n  Francisco 

g'  stone  ballast  under 

2'    * 

.    6'X8'X8' 

ties. 

tL Louis 

6'  I  :  3H  :  6}^  rock  con- 
crete under  ties. 

White  oak. 

6'X8-'X8' 

^ORBfffield. . . 

9*X22'  concrete  beam 

S'o' 

Steel 

4H'X6'8' 

TdSb 

6"  1 :4:6  concrete  and  3 
stone  ballast. 

2'0' 

Sawed  white 
oak. 

S'X8'X7' 

Toronto 

6*' or  7H*  1 :3:7  rock  C3n- 

S'o^  or 

Carnegie 

7'  long 
6' X  8^X8' 

crete  under  ties. 

2'6' 

steel,  cedar 

&  pine. 

Vancouver. .  - 

6*'  1 :3 :6  gravel  concrete, 
1'  sand  cushion  under 
ties. 

2'0' 

Fir 

6*X8'X8' 

Winnipeg. .  .  - 

3 ^crushed  stone,  6'  1:3:5 
concrete  under  ties 

2'0^ 

Fir 

6'X8''X8' 

^adrington.  . 

a"  crushed  rock 

.^0' 

Chestnut. . . 

e'xs'xs' 

Chaiacteristics  of  Track  Construction  in  Paved  Streets. 

—Continued 


City 

Rail 

Joints 

Type 

Wt. 

Type 

Drill'g 

|Lgth. 

Bolts 

Baltimore.. .  . 

9"  &  7'  gird. 

103 

Riveted-welded 

lo-hole 

32" 

1"  rivets 

Birmingham  . 
Boston 

Buffalo 

gioove 
7"  T-rail 
g"  girder 
j"  girder 
g"  girder 

80 
132 
116 
124 

Continuous 

Electric-welded 

Continuous .... 

A-hole 
None 

4-hole 

24' 
24^ 

None 
1' 

Chicago 

groove 
9*  girder 

129 

Electric-welded 

None 

None 

Cincinnati 

groove 
0    ffirder 

140 

Cast  welded. . . . 

13" 

Cleveland 

Dallas 

groove 
7^  T-rail 
•j"  T-rail 
y"  girder 

95 

80 

103 

Clark   joint 

Continuous .... 

8-hole 
6-hole 

30* 
26' 

getrort 

g'Wisburg. .  . 
-  Bottston 

ri    e 

groove 
7^  T-rail 
g"  tram 
A.S.C.E. 
7*  T-rail 
A.S.C.E. 

91* 

125 

80 

80 

..--22 

Cast  welded. . . . 
Continuous. .  . . 
Bonzano     con- 
tinuous 
Continuous. . . . 

None 
6-hole 
6-hole 
6-hole 
6-hole 

26'' 
26* 
26' 
26'' 

None 
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Characteristics  of  Track  Construction  in  Paved  Stree* 

— Continued 


City 

Rail 

Joints                                    ■] 

Type         Wt. 

Type         1 

Drill'g 

Lgth. 

Bolts 

Indianapolis 

7"  T-rail 
9"  tram 

91 
9.S 

Cast  welded  and 

N^one 

continuous 

Kansas  City  . 

A.o.0.j£. 
9"  Trilby 

100 
109 

Continuous .... 

4-hole 

24' 

I* 

Little  Rock... 

6"  T-rail 

72 

Angle-bar  con- 

6-hole 

34' 

W 

7'  tram  gird. 
9"  Trilby 

tinuous 

4-hole 

24' 

J6^ 

Louisville. . . . 

106 

Bars 

I* 

but.  h'd 

Los  Angeles. . 

9'  Trilby 
7H'  T-rail 

116 

87 

Continuous  and 
thermit 

Milwaukee. . . 

7'  T-rail 

95 

Cast  welded  and 
bar 

6-hole 

28' 

iH'     • 

Memphis. . . . 

T  and  7' 
Trilby 

80 
lOS 

Cast  and  bar. . . 

8-hole 

34' 

I' 

Minneapolis. . 

7"  T-rail 

91 

Cast  welded, . . . 

I -hole 

None 

Montreal. . . . 

7"  Trilby 

116 

Continuous. . . . 

6-hole 

26' 

1' 

Newark 

7"  Trilby 

116 

Bonzano     con- 
tinuous 

4-hole 

24' 

H" 

New  Haven. . 

7"  T-rail 

95 

Continuous  bar 

4-hole 

24' 

H' 

9"  girder 

125 

i2-hole 

32.' 

grooved 

Philadelphia  . 

9"  Trilby 

141 

Nichols  joint. .. 

None 

1'  rivets  . 

Pittsburgh. . . 

9"  Trilby 

I2S 

Bars  with 

Machin'd 

reamed  holes 

Portland, 

7"  groove 

95 

Continuous. . . . 

4-hole 

24' 

I" 

Ore. 

7"  T-rail 
6'  T-rail 

80 
72 

Richmond..  • . 

9*  girder 

groove 

7^  T-rail 

114 

Electric  weld. . . 

Seattle 

90 

Continuous . 

6-hole 

26' 

1* 

San  Francisco 

9"  Trilby 
9"  T-rail 
7"  Trilby 

106 
100 
132 

Bars 

6-hole 

26' 

I* 

St.  Louis 

Nichols  joint. . . 

Springfield.. . 

7"  T-rail 

70 

Continuous. . . . 

6-hole 

26' 

H' 

Toledo 

6'  Dudley 

100 

Angle  bars 

4^hole 

It' 

1' 

Toronto 

7"  T-rail 

90 

Continuous. .  . . 

6-hole 

1' 

7'  T-rail 

80 

Continuous. .  . . 

6-hole 

26' 

i' 

Vancouver. . . 

7'  T-rail 

91 

Continuous 

6-hole 

26' 

I-' 

Winnipeg 

7'  T-rail 

80 

Continuous 

6-hole 

26* 

I* 

Washington... 

A.S.C.K. 

titan. 

80 

Continuous.  .  .  . 

6-hQle 

30' 

Ji' 

Characteristics  op  Track  Construction  in  Paved  Streets, 

— Continued 


Rail  braces 

City 

Spikes. 

Bonds 

Tie  rods 

and 
tie  plates 

Baltimore 

Screw 

None 

H"X2'.6' 
centers. 

Tie  plates. 

Birmingham.. . . 

M«'  X  SH" 

Com.  ter.  and 
ball. 

None 

Tie  plate  and 
rail  brace 
6'8' 

Boston 

WX  H"  X 

None 

i*r'd&2VI''X 

Tie  plates  on 
all  ties. 

6^"  screw 

^^2"  flat,  s' 

centers. 

Buffalo 

Screw  H'  X 

2-4/0       com- 

M6'X2'. 6' 

Plates  on  all 

H''X6]ri'' 

pressed  term'l. 

centers. 

ties. 

Chicago 

Screw    M"  X 

None 

M«'X2',  6' 

Tie  plates 

H''X6H''. 

centers. 

H'X6-'Xi<>» 

Cincinnati 

9i6»X5^^' 

None 

None 

Rail  brace  at 
fourth  tie. 

Cleveland 

Bolt  and  clip 

None 

H'X2».s' 
centers. 

None. 

CITY  TRACK  CONSTRUCTION 


45 


Chasacteristics  op  Track  Construction  in  Paved  Streets. 

— Continued 


City 


Spikes 


Bonds 


Tie  rods 


Rail  braces 
and  tie  plates 


Dallas. 


Ortroit 

fimisbarg. 
ftmston. .. 


ILTtac.,. . . . 
polls.. 


City... 


little  Rock. 
LotdsriUe. . 


in  Angeles. 
Milwaukee.. 

Memphis 

f    Ifittapolis. 

■ 

IfootreaL... 
Kewark 


KevH; 


aven. 


Ailadelphia. . 
PittEbuTgh. . . 


Zetland,  Ore- 
BiduBoad 


Seattle. 


&yi  Francisco. 
St.  Louis 


wingfield. 
'iSedo.... 
Tocoato... 


Taoco' 


luver. 


Vjaoipeg.... 
Washington. 


Screw 
^ie'X  SH^ 

Hi'XSH' 
Screw  K'^X 

Me'XsH' 
Hn^XsH" 

916' XSH' 

H'XW 
Screw 

Me'XsH' 
9i6'XsH' 
^e'XsH' 
Hn'XsH' 
Ha'XsH" 

Bolt  and  clip 
^WXSH" 

^t'XsH" 
Lugs  and  T- 
bolts. 
9i«'XS^' 

^ie'XSH' 
Screw 

Lugs  &  bolts 

K«'X'SV^: 
Bolt  and  clip 

^WXSH" 
He'X  SH' 

H«'X  SH' 


2-9"  crown  pm 

None 

Comp'dterm'l 

2-;4/o  pin 

driven. 
Comp.  term. 
Brazed   and 

comp.  term'l. 
Comp.  tennl. 

and  soldered. 

2-4/0  sold'r'd 
2  flexible,  com 
press'd  term'l 


Com.  ter.  and 
brazed. 
None 


Electric 
brazed. 
Comp.  term'l. 


None. 


H'XiH".  6' 

centers. 
H'Xa',  10' 
centers. 
None 


None. . . 

wx2r 


H'  round. 


None. 
Plat, 


a'X  W 


&  ^'  round. 


2'XM»'.  6' 
centers. 
H'  round. . . . 

%''XiW,    ic/ 
centers. 
^^W    rod,  6' 
centers. 
None 


Brace  plates 
every  third 
tie. 

None. 

None. 

Railbrace 
every  i&o*. 
None. 
None. 

Tie  plates 
with  screw 
spike. 


None. 


None 

Comp.  term'l 
&ther.  welded 
Comp.  term'l 
None 

4/0  &  500.000 
cm.,  sold'r'd. 

%'  comp.  ter. 

None 


None 

i-8*',4/o,braz. 
Electric  weld- 
ed on  railhead 

Comp.  term'l 
and  soldered. 

4/0  soldered 
to  rail  head. 

"22-4/0      pin 
terminal. 


None. . . 
H'Xa*' 


None. 
None. 


On   curves    8' 

cen.    At    j'ts 

30"  cen. 
%"    rod,     10' 

cen. 
H'     rods,     6' 

cen. 


None 

None 

7"  rods,  6' 

centers. 
^''X2\    6' 

centers. 
None 


m''xw 


lone. 
None. 

Every  fourth 
tie. 
None- 

None. 

None. 

None. 

Tie  plates  pn 
every  2d  tie. 

Only  on 
curves. 

None. 


None. 

Tie  fast,  and 

rail  brace. 
6    8*Xio'X 

^i''  at  joints 

only. 
None. 

Tieplate 
with     screw 
spikes. 
None. 
None. 
None. 

None. 

None. 

None. 


T-rail  Sectiona.  The  American  Society  of  Civil  Engineers 
and  the  P.  M.  Dudley  sections  have  probably  been  most  used  in 
tern  railroad  construction.  The  former  is  shown  in  Fig.  41 
Ml  tike  latter  in  Fig.  44,  while  the  Standard  P.  S.  section  is  shown 
*■  1S|.  45  for  a  loo-lb.  rail.  For  the  first,  42  per  cent,  of  the 
is  in  the  head,  21  per  cent,  in  the  web  and  $7  per  cent. 
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Standard  T  Rails 


(Letters 

refer  to  Figs. 

41, 

42, 

43) 

• 

A 

B 

C 

D 

E 

F 

G 

Percentage 
of  metal 

Moment  of 

inertia  about 

X-X 

Pounds 
per  yard 

Height  of 
rail 

Width   of 
base 

Width   of 
head 

Thickness 
of  web 

Depth   of 
head 

Height  of 
web 

Height  of 
flange 

Y 

•s 

4) 

K 

« 

American  Society  of  Civil  Engineers 

.100 

sH 

SH 

2^ 

^6 

1*^64 

3%4 

«H2 

43 

21 

37 

43. 

8 

2.8 

95 

5h9 

S9l« 

21  H« 

Ma 

I*V64 

2e5ii4 

iMe 

42 

21 

37 

38. 

6 

2.7 

90 

SH 

5H 

2H 

M« 

1IH2 

2SH4 

8964 

42 

21 

37 

34 

0 

2.5 

85 

5M6 

5M6 

2«H6 

Me 

18^4 

2M 

6^4 

42 

21 

37 

30, 

0 

2.5 

80 

5 

5 

2H 

«5«4 

iH 

2H 

J^ 

42 

21 

37 

26. 

2 

2-4 

75 

4*  Me 

4»M« 

2»^2 

1^2 

12^64 

23^4 

2^2 

42 

21 

37 

2S. 

9 

2.4 

70 

4H 

4H 

2^6 

«H4 

I»H2 

21^2 

»Me 

42 

21 

37 

19. 

6 

2.2 

65 

4M« 

4M« 

2»H2 

H 

l9^2 

29i 

2H2 

42 

21 

37 

16, 

9 

2.2 

60 

4H 

4H 

2H 

3V64. 

1H2 

2l%4 

*H4 

42 

21 

37 

14 

5 

2.1 

55 

4H6 

4M6 

2H 

1^2 

I»^64 

21^4 

2^2 

42 

21 

37 

II 

9 

2.0 

50 

3% 

3% 

2H 

Me 

iH 

2He 

Hie 

42 

21 

37 

9 

.8 

I -.9 

45 

3ni« 

3*Hft 

2 

2^4 

I  He 

13^2 

2^2 

42 

21 

37 

8 

.0 

I. '8 

40 

3H 

3H 

I^ 

2^4 

1^4 

I«H4 

H 

42 

21 

37 

6 

.6 

1.7 

100 

90 
80 

70 
60 


American  Railway  Engineering 

Association — Series  A 

k 

100 

90 
80 

6 

5H 
SH 

sH 
sH 
4H 

2H 

2Me 

2H 

Me 
Me 

8^4 

iMe 

11^2 

iMe 

3H 

3^2 

22Ha 

iHe 

8^2 

36.9 
36.2 
38.8 

23.4 
24.0 
21.0 

39.748.94/2.75 

39.838.702.54 
40.2  28. 8o|2. 31 

70 
60 

4H 
4H 

4H 
4 

2  H 

2  H 

1^2 

11^4 

2H 
22^4 

2%2 

iMe 

39.3 
37.7 

21.8 
24.1 

38.9 
38.2 

21.05  2.20 
15.41   2.13 

American  Railway  Engineering  Association — Series  B 


S*H* 

5»%4 

4»Me 

4»^4 

4Me 


S%4 
4*%4 

4Me 


smt 


223^2 

2Me 

2Me 

2H 
2H 


Me 
Me 

3^4 

8^64 
8^4 


1*H4 
13^4 

IH 


26'^4 

2H 

215^2 

2l%4 

2  Vie 


19^4 

I 


40.2 
40.1 
38.8 

40.1 
38.8 


19.2 
19.2 
19.5 

19.5 
19.4 


40 
40 

41 

40 

41 


41.3 
32.3 
25.1 

18.6 
13.3 


2.63 

2.45 
2.27 

2.16 
1.95 


in  the  base.    The  height  and  width  of  base  are  the  same,  while 

for  the  other  types  the  height  is 
greater.  This  is  an  advantage  i^i  roll- 
ing, as  the  base  will  not  cool  so  rapidly 
with  reference  to  the  head,  but  the 
ties  will  be  cut  more  rapidly  owing  to 
the  reduced  bearing  and  greater  lever- 
age under  side  thrust  unless  tie  plates 
are  used.  The  head  is  thin  and  wide 
on  each  to  maintain  more  equal  tem- 
peratures in  the  different  parts  in  roll- 
ing and  to  reduce  the  unit  pressure 
between  wheel  and  rail.  The  recent 
tendency  has  been  to  thicken  the  base 
still  further  to  equalize  temperature 
in  rolling. 
Figs.  41,  42  and  43  and  the  accompanying  table  show  the  various 

A.S.C.E.  and  A.R.E.A.  standard  T-rail  sections. 


— A.S.C.E.  rail 
section. 
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In  order  to  provide  sufficient  depth  between  the  street  surface 
and  top  of  tie,  in  street  railways,  it  may  be  necessary  to  employ 
a  high  section  of   rail.    The  Am.  El.  Ry.  Eng.  Assn.,  1909,  rec- 
ommends for  T-sections  the  rails  shown  by  Fig.  46  to  be  used  where 
the  type  of 
pavement 
'wifl  permit 
(as  in  mac- 
adam     or 
'Other   shal- 
[iow  pave- 
ent);     for 
i  e   heavy 
lervice  in 
■  connection 
*ith  deep 
pavements, 
ft  section  as 
•ho  w  n    by 


Fig.  42. — Am.  Ry.  Eng.  Assn. 
series  A  rail  section. 


Pig.     43. — Am.     Ry.    Eng. 
Assn.  series  B  rail  section. 


Rg.  47,  weighing  about  100  lb.  per  yard;  and  for  light  service 
I.  wth  deep  pavements,  a  section  as  shown  by  Fig.  48,  weighing 
Miout  80  lb.  per  yard. 
Girder  Rail  Sections.    The  Am.  El.  Ry.  Eng.  Assn.  recommends 
At  use  of    girder   rail  for   track    construction    for  heavy   ser- 
lioe  in    connection    with    deep     block    pavements    on    streets 

where  traffic  is  confined  to  the 
railway  strip  or  where  the  rail- 
way strip  is  continually  used  by 


JtG.  44. — ^P.  M.  Dudley  100-lb.  rail 
section. 


Pig.  45. — Pennsylvania  system  100- 
Ib.  rail  section. 


vehicles,  which  conditions  exist  only  in  cities  of  the  largest  class. 
Hie  Association  in  19 13  adopted  as  standard  for  such  rails  the 
ioilowing  sections:  the  g-in.  girder  grooved  rail  shown  by  Fig.  49; 
ftc  9-in.  girder  guard  rail  shown  by  Fig.  51 ;  the  7-in.  girder  grooved 
^'  .l^^own  by  Fig.  50;  and  the  7-in.  girder  guard  rail  shown  by  Fig. 
S2*    At  the  same  time  the  Association  adopted  as  recommended 
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•  II    it  ■  ■ 


^  ♦  4 


^^^\^.. 


ril.   i. 

H -Gj >l  T 

Series  i. 


1^— «^1 
fLi ^ 


i  i^i-^--^ 


L. 


Type  of  rail 


Series  i 


Series  a 


Weight  per  yard. 
Height  A 

B 

C 


Width  of  head. E.... 
Thickness  of  web  P. 
Width  of  base  G. . . , 


H. 

k. 

L. 


M. 


Area  of  head,  sq.  in. . 
Area  of  web,  sq.  in.. . 
Area  of  base,  sq.  in.. . . 

Total  area,  sq.  in. . . . 
Ar/ea  of  head,  per  cent. 
Area  of  web,  per  cent. 
Area  of  base,  per  cent. 
Moment  of  inertia. . . 


8o 

22^2* 

I  Me' 

2H' 

3.31* 

9i' 
2.82* 


3.0s 
1. 6s 
3.16 

7.86 
38.8 
21.0 
40.2 
28.80 


90 

1" 
3H2' 

I»%2' 

29i«' 
Me' 

2.54' 
iH' 

3.09' 


3.20 
2.12 
3. so 

8.82 
36.2 
24.0 
39.8 
38.70 


100 
6' 

iHe' 
3H' 

iMe' 
2K' 
Me' 
SH" 

2.75" 
IH' 

3.35* 


3.64 
2.29 

3.91 

9.84 
36.9 
23.4 
39.7 


80 

4>Me' 
I' 

2»Ha' 

I»942' 

2M6' 
4Me' 

a'Mw' 
*%*' 
»H4' 

2*M28' 

2»Ha' 
3.07 
I.S4 
3.30 

7.91 
38.8 

195 
41.7 
25.1 


90 

5»H4' 

1H2' 

3H' 
I»%4' 

aMe' 
Me' 

4*%4' 

25^28' 

*5«4' 

»^4' 
2l0^38» 

215^2' 

3. 56 

1.70 
3.61 

8.87 
40.1 
19. 2 
40.7 
3a? 


100 

S*H4' 

IH4' 

26H4' 

22H«' 
5H4' 

«H4' 

3Vi4' 

2Me' 

3.9s 
1.89 

4-01 

9.8s 
40.2 
19.2 
40.6 

41    3 


Fig.  46. — Am.  £1.  Ry.  Eng.  Assn.  T-irail  sections  for  use  in  macadam  or 

other  shallow  paving. 

designs  the  joint  plates  for  use  with  the  9-in.  girder  rails  as  shown 
by  Fig.  53,  and  for  the  7-in.  girder  rails  as  shown  by  Fig.  54.  The 
9-in.  girder  grooved  and  girder  guard  rail  sections  shown  in 
Figs.  49  and  51  will  fish  with  P.  S.  Co.,  Sees.  125-273  and  151- 
283  and  L.  S.  Co.  Sees.  125-427,  132-440  and  150-441. 

Grooved  Rail  Section  for  M.C3.  Flanges.  Fig.  55  shows  a  127- 
Ib.,  7-in.  grooved  rail  seetion  whieh  was  designed  for  use  on  the 
lines  of  the  Paeific  Eleetrie  Railway  in  order  to  permit  movement  of 
M.C.B.  equipment  over  traeks  in  paved  streets. 

Special  Rail  Head  Sectimi  for  Cunres.  Speeial  rails  for  curves 
have  been  designed  mainly  to  give  additional  metal  available  for 
wear.  The  Manning  rail,  tried  some  years  ago  on  the  Baltimore 
&  Ohio  R.  R.,  had  \ia  in.  of  additional  metal  on  the  inner 
side  of  the  head  and  }ia  in.  less  on  the  outer  ^e.    The  special 
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tio-lb.  rail  of  the  Lehigh  Valley  R.  R.  has  the  head  slightly  widei 
tad  cxtosiderably  deeper  than  that  of  the  atandard  raiL  The 
q)edal  feature  of  the  so-called  "Fiictionless"  rail  (Fig.  56)  is  a  veiy 


,'  fKotf  head,  and  its  purpose  is  to  reduce  the  slip  of  the  inside 
I  ried,  which  takes  place  in  compensating  for  the  greater  length 
I  ;*  travel  of  the  whed  on  the  outside  rail.  It  is  claimed  that  there 
KidJDiiiiution  of  friction  and  resultant  wear  to  both  the  outer 


I  WJ  inner  (frictionless)  rails  and  the  wheel  flanges,  while  the  re- 

*nl  fricticm  gives  a  freer  and  smoother  passage  of  the  nheelsi 

'   ^  a  reduclion  in  power  required  to  handle  a  given  tonnage- 
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illlc  titanium,  o.io  per  cent.;  BuIpbuT, 
>rmation  as  to  the  service  is  from  H. 
of  Maintenance  of  Way.  On  account 
urves  it  has  not  been  possible  to  obtain 
;ase  or  decrease  in  power  consumption 
>und  the  curves,  but  it  is  Itnown  that 
Then  the  curves  were  laid  with  the  85- 

where  power  was  required  to  pass  a 
,  it  is  now  possible  to  coast  through  the 
,t  the  narrow-headed  rail  decreases  the 

As  an  example  of  the  experience  with 
eway  and  Haverhill  St.  may  be  taken, 
n  the  center  line,  and  about  297  ft.  of 
lid  on  the  inside  of  the  curve  in  1911. 
;  have  been  as  follows:  On  the  inside 
Z.E.  rails  of  open-hearth  ferro- titanium 
,  1911,  after  a  life  of  362  days,  with  a 


"=.«.— Pacific  Electric  groQved     FiG.  56,— Special  "  (rietionless  "  rail  lor 
nil  for  M.C.B.  fiangea.  inside  of  sharp  curves;  So.  Pac.  Ry. 

'^"of  0.O2Q  ft,,  the  removal  following  because  of  corrugations. 
Jii!  79-lb.  'Ifrictionless"  tails  of  the  same  steel,  laid  on  the  above 
we,  were  examined  on  Aug.  26,  1913,  after  283  days'  service. 
T^  wear  was  0.036  ft.,  while  there  was  very  little  corrugation. 
^  permissible  amount  of  wear  is  0.045  't.,  and  the  life  of  this  rail 
werefore  was  estimated  at  354  days,  or  35  per  cent,  more  than  the 
Wiui  life  of  the  former  ordinary  rails.  On  the  outside  of  the 
^e,  the  85-lb.  rail  showed  a  wear  of  0.059  ft.  during  the  262 
wf%'  life  of  the  S^-lb.  ordinary  rail  on  the  inside,  while  it  was  0.040 
ft.  during  the  283  days'  service  of  the  79-lb.  special  rail. 
,  X-,  Grooved  or  'Tram  Sections  of  Rail  Head.  From  an  operat- 
""S  standpoint  T-rail  is  greatly  to  be  preferred  over  other  types 
"fliead,  even  for  city  streets,  the  flange  groove  being  provided  for 
W  means  of  special  paving  blocks,  shown  for  example  in  Figs.  19, 14. 
'ii'^,  27,31, 32, 33, 34, 36, 57, 58.  As  a  heritage  from  the  old  tram 
■■i,  Diany  cities  Still  indst  upon  a  tram  section  of  head,  while  others 
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require  a  full  or  partia.1  groove  section,  dmllar  to  Figs.  49  and  51^ 
The  T-rail  is  designed  on  better  mech^cal  lilies  and  may  be  mort 
satisfactorily  fitted  with  joints.  It  has  a  longer  life  under  equal 
traffic  and  tiie  flangeway  is  more  suitable  jor  varying  wheel  flange^ 
Many  installatioita  of  T-rail  in  paved  streets  nave  satisfactorily 
met  local  conditions  and  several  dties  are  requiring  the  adoptit^ 
of  high  T-rails  in  replacement  q 

!*v ^ — "^       tram  and  girder  grooved  rails. 

DisadTantagea  ol  Tnm  m  Groor^ 


rail  head  of  such 

lows  wheels  to  run  on  their  flangea 
Such  wearing  ot  a  filling  up  of  th| 
proove  with  dirt  greatly  decreasfl 
adhesion.  These  sections  also  ten^ 
to  invite  wagon  traffic  on  to  thf 
railway  tracks,  and  to  interfere  witl| 
the  turning  out  of  horse-drawn  ve- 
hicles which  are  traveling  on  the  railway  tracks.  It  is  also  difficult, 
to  design  such  sections  so  that  they  may  be  rolled  and  preserve  K 
proper  distribution  of  the  weight  through  the  web  to  the  base  oC; 
the  rail.  Further,  the  usual  size  of  groove  restricts  wheel  Sange^' 
to  smaller  maximum  dimensions  than  would  otherwise  be  desiraUe. 

Sail  Length.    The  standard  length  has  changed  from  30 
ft.  after  experiments  with  lengths  of  45  and  60  ft . 

Composition  of  Rail 
Uetal.  The  quality  of  _ 
the  metat  in  the  finished  ,  ^ 
rail  will  depend  upon 
the  chemical  composi- 
tion, the  temperature  of 
rolling  and  the  work  put 
upon  the  metal  during 
rolling.  The  chemical 
composition,  to  be  de- 
termined from  drillings 
taken  from  the  ladle  test 
Eng.  Assn.'s  specification 

Bessemer  Process 
Elements.  IZi^' v^i  85-100  lb.. 


Fig.  5S- — SpcpciAl  paving  blocks. 


n-he»itli  Process 


r,  but 


85- 


Dclus 


«lb.. 


MangwieSB o.iotor.io    O.Botoi.io     o.6otoo,90     o.6otoo.oo 

Phoaphonia notovero.io  not  over  0.10  nolovero.04  notoveio.04 

The  Am.  El.  Ry.  Eng.  Assn.  recommends  the  following  chemical 
composition  to  be  determined  from  driUings  taken  from  the  test 
ingot  at  not  less  than  )i  in.  beneath  the  surface: 

Per  cent.  Class  A  Class  B 

Carbon 0-60100.75  0.70  too. 81 

Sltmo".'",'.' '.'.'.'. '.'.'.'.'.'. '.'.'.'.   nSt  over  o'?o         ™t  over  olao 
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Carbon  increases  hardness  and  tensile  strength  and  decreases 
ductility.  The  specified  increase  with  weight  of  rail  is  probably 
partly  due  to  a  higher  temperature  during  rolling  and  to  less 
work  per  pound  of  metal  in  the  process.  The  manganese,  accord- 
ing to  Campbell,  combines  in  part  with  the  dissolved  oxygen  and 
|Asses  oS  with  the  slag  as  an  oxide  when  added  as  ferro-manganese 
jBt  before  pouring.  It  is  thus  easier  to  add  spiegel  iron  than 
wfinary  pig  iron  to  increase  carbon  since  the  manganese  of  the 
latmer  prevents  its  oxidation.  Manganese  also  tends  to  prevent 
Ikt  coarse  ciystallization  due  to  {)hosphorus  and  sulphur  and 
aises  the  critical  temperature  to  which  it  is  safe  to  heat  the  steel, 
fer  just  as  it  resists  the  separation  of  the  crystals  in  cooling  from 
'liquid,  so  it  opposes  their  formation  when  a  high  temperature 
iKieases  molecular  mobility.  The  effect  of  silicon  is  small  sdthough 
k  manufacture  it  acts  like  manganese  as  a  flux  and  tends  to  prevent 
Qjuy  by  oxidation.  Phosphorus  .tends  to  produce  coarse  crystal- 
fiHtKm  and  hence  lowers  the  finishing  temperature  in  order  to  pre- 
ml  the  formation  of  a  crystalline  structure  during  cooling.  Its 
elect  when  cold,  up  to  about  0.12  per  cent.,  is  to  increase  strength 
ttidliurdness,  but  it  renders  the  sted  brittle  under  shock  and  should 
Wkept  at  the  lowest  practicable  limit.  In  the  Bessemer  process 
Hcmployedjn  this  country,  an  acid  lining  is  used  in  the  converter 
ni  this  prevents  burning  out  either  {)hosphorus  or  sulphur. 
Tht  limit  IS  thus  fixed  by  that  of  the  available  ores.  In  the  open- 
kaith  method  a  basic  lining  is  used  and  this  permits  the  conversion 
flf  the  phosphorus  into  a  slag  with  lime,  and  the  sulphur  with  lime 
and  manganese  ore.  The  basic  open-hearth  method  thus  allows 
tte  use  of  cheaper  ores  and  the  reduction  of  phosphorus  and 
nlphur  to  low  limits.  It  also  furnishes  a  more  uniform  product 
as  the  melt  can  be  sampled  and  proportions  corrected  if  found 
bearable  before  pouring.  The  open-hearth  rail  is  coming  into  use; 
fbe  increased  cost  is  about  $2  per  ton. 

Alogfed   Steel  Rails.    The  following  comments  are  from  the 

CMDmittee   on  Way  Matters,  Am.  El.  Ry.  Eng.  Assn.   (191 2). 

The  treatment  of  steel  for  rails  with  various  alloys  has  been  a 

question  of  study  and  experiment  for  several  years,  the  chief  object 

be^  to  prolong  the  life  of  rails  by  the  addition  of  hardening  and 

toughening  qualities,  preserving  at  the  same  time  the  ductility 

necessary  to  insure  freedom  from  brittleness.     Important  Hmita- 

tions  are  at  tJie  very  outset  imposed — ^primarily,  the  cost  of  the 

finished  rails  and  secondly,  the  odd-shaped  or  unbalanced  sections  of 

nils — which   preclude  the  possibilities  of  heat  treatment,   and 

matters  which  prevent  as  rapid  development  of  the  subject  as  would 

otherwise  be  possible.    The  foregoing  are  the  common  methods 

used  in  attaining  the  desired  result,  which  is  a  moderate  priced, 

kmg-lived  rail  of  any  section  immediately  available  in  any  quantity. 

It  is  only  necessary  to  take  up  the  subject  of  titanium,  manganese 

and  nickel-chrome  rails,  for  while  there  are  various  other  known 

aOoyed  steels,  their  use  in  rails   with  the  limitations  mentioned 

Wiikes  their  consideration  here  unnecessary.     Girder  and  high  T-, 

it  well  as  standard  sections,  can  be  easily  rolled  from  the  follow- 

Wipecial  steels  possessing  the  general  characteristics  mentioned. 
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Kind  Steel  containing  General   propoties   anticipated, 


Titanittm 

Nickel 

Nickd  chrome. 


Manganese. 

Electric 

High  silicon. 


O.I    i>er    cent,   metallic  Less  segregation,  cleaner  metal^ 

titanium.  )    hence,  longer  life. 

3.5  per  cent,  nickel Increased  life. 

Containing  varying  per-   Increased  life  by  being  toiig^ 

centages — nickel      and    and  bard. 

chromium.  J 

About  12  per  cent,  man-  Very  tough  and  hard,  cannot  bp 

ganese.  •    easily    cut    or    drilled,    weasi 

'    slowly.  ^     J 

Made  in  electric  furnace.  Very  clean  steel,  free  from  imJ, 

.    purities,  thus  adding  life.       ^  J 
About  0.35  per  cent,  sili-   Increased  life.     Much  used  iilj 

con.  •    England.  .' 


Ferro-titaiiiiim  SteeL  The  addition  of  the  alloy  ferro-titaniuoi 
to  either  Bessemer  or  open-dearth  steel  is  to-day  the  most  commoil 
method  of  seeking  to  prolong  the  life  of  steel  rails  without  materiallj^ 
increasing  their  cost.  The  alloy  is,  as  the  name  indicates,  compose^! 
chiefly  of  iron  and  titanium,  the  latter  being  a  chemical  element; 
found  in  various  ores  and  conspicuous  for  having  great  afl^Qtj 
for  oxjrgen.  The  manufacture  of  the  alloy  renders  obtainal^e  ia  ^ 
it  various  proportions  of  titanium,  so  that  a  15  per  cent,  alloy 
means  that  nominally  there  is  that  amount  of  titamum  present  as' 
against  85  per  cent,  of  iron,  but  these  figures  are  not  fixed  and  allow* 
ance  must  be  made  for  the  presence  of  other  ingredients,  as  carbon, 
aluminum,  etc  The  theory  on  which  the  use  of  ferro-titanium  is 
advocated  is  very  simple,  hinging  upon  the  affinity  that  titanium 
has  for  oxygen,  or  largely  upon  the  effect  of  chemical  reactions  that 
occur  from  its  addition  to  the  molten  steel,  resulting  in  a  deansingi 
so  that  the  name  "scavenger"  has  often  been  applied  to  the  alloy. 
There  are  two  brands  of  ferro-titaniimi  alloy  available  for  us«w 
The  one  known  as  the  Rossi  process  is  most  frequently  used,  aii4 
differs  principally  from  the  other  or  Goldschmidt  alloy  in  being 
practiodly  free  from  aluminum.  The  latter  brand  contains  from 
4  to  6  per  cent,  of  aluminum,  which  is  a  deoxidizing  Yemeni 
often  used  in  casting  steel  to  reduce  piping  and  blow  holes.  Tht 
amount  of  titanium  alloy  to  be  used  is  a  matter  of  some  argument^ 
but  in  short  it  may  be  said  that  enoujgh  should  be  added  to  thor* 
oughly  saturate  the  molten  metal  with  titanium.  Theoretically, 
then,  a  trace  of  titanium  in  the  finished  steel  may  be  regarded  as 
proof  that  enough  has  been  added  to  the  molten  steel  to  effect  com- 
plete deoxidation.  Recent,  practice  advises  the  addition  of  one* 
tenth  of  I  per  cent,  metallic  titanium  to  either  Bessemer  or  open* 
hearth  sted,  and  while  this  figure  may  be  taken  as  a  safe 
minimum,  there  is  abundant  reason  to  think  that  a  larger  amount 
would  be  more  satisfactory,  especially  under  some  conditions.  The 
use  of  the  alloy  requires  close  attention  to  detail  in  the  steel  works, 
and  should  be  attended  with  such  supervision  as  will  insure  a 
strict  adherence  to  the  recognized  pnndples  and  specifications 
governing  its  use.  Success  due  to  the  use  of  titanium  has  resulted 
from  a  denser,  more  uniform  and  homogeneous  metal,  as  might  be 
expected  from  the  nature  of  its  duty  as  a  scavenger.  Granted  that 
the  metal  is  clarified  by  using  titanium,  the  possibility  of  increasing 
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I  fte  carbon  content  without  a  material  loss  of  ductility  occurs,  so 
itliat  of  late  many  tons  of  rails  have  been  made  containing  more 
iotixm  than  formerly  whose  wearing  qualities  are  regarded  as 
0eatiy  increased,  and  with  no  loss  of  shock-resisting  qualities. 
leoommendations  as  to  the  carbon  content  as  well  as  to  the  other 
ihal  elements  had  best  be  left  to  the  individual  case  until  more 
ifiute  information  has  been  obtained.  When  used  imder  proper 
iKiailttrgical  conditions,  titanium  alloy  increases  the  wearing  quali- 
■B  of  rails,  sufficient  evidence  having  been  produced  as  a  result 
}^  careful  measurement  to  justify  such  conviction.  Whether  the 
prcased  wearing  quality  is  economically  profitable  to  the  pur- 
pser,  is  a  different  question,  depending  upon  the  first  cost  of  the 
*fc,  and  experience  with  grooved  girder  and  high  T-rails  for  street 
Niintenirban  uses,  has  not  been  sufficient  to  make  accurate  figures 
iwiinable. 

I  Jjhnsanese  steel  is  a  high-carbon  open-hearth  steel  containing 

■*j  12  to  15  per  cent,  of  manganese.     Steel  having  such  a  pro- 

IJrtion  of  manganese  present,  when  quenched  in  water  from  a  red 

« becomes  exceedingly  hard  and  tough,  but  remains  sufficiently 

We  to  resist  impact.    The  manufacture  of  rails  of  such  composi- 

MU&  attained  considerable  headway  in  the  last  few  years,  and 

«iK)w  possible  to  produce  any  section  if  ordered  in  fair  quantity. 

*  process  is  quite  simple,  involving  principally  the  addition  of 

;j«ge  amount  of  ferro-manganese  to  the  open-hearth  metal. 

I  '•treatment  of  the  ingots  in  the  soaking  pits  must  be  attended 

J^  great  care,  and  finally  after  rolling  and  sawing  to  length,  the 

I  y  must  be  immediately  immersed  in  a  tank  of  water.    Naturally 

*wng  lengths  become  very  crooked  when  thus  cooling,  so  that 

*P«ater  amount  of  cold  straightening  often  becomes  necessary. 

M"^  tough  and  ductile  steel  results,  the  most  objectionable 

T^of  which  is  the  impossibility  of  sawing  or  drilling  it,  and 

^**«,  carefuh  ordering  to  length  and  pimching  of  all  holes  is 

?J*y.^  While  the  price  of  manganese  steel  rails  quite  pre- 
2??  tliwr  common  adoption  for  straight  track,  still  for  curves 
■"jDi  special  or  hard  service  track  the  benefits  derived  are  such 

i?  Jan-ant  their  careful  consideration. 

*ckel-chrome  SteeL  Some  large  tonnages  of  nickel-chrome 
**i  rails  were  rolled  for  steam  roads  several  years  ago,  in  which 
2^ckel  and  chromium  were  additions  to  the  steel  of  the  open- 
??'^  furnace,  and  have  given  splendid  wearing  results,  although 
^  true  that  the  rate  of  breakages  have  been  high.  Since  that 
2^.  however,  there  has  come  into  common  use  a  large  supply 
^on  ore,  known  as  Cuban  ore,  containing  nickel  and  chromium, 
J*J*nng  unnecessary  any  addition  of  these  elements  to  the  molten 
y^ui  the  open-hearth  furnace  or  converter.  The  use  of  this 
^°  <>re  at  some  of  the  Eastern  mills,  has  made  the  alloy  steel 

'liable  at  no  increase  of  price,  and  its  composition  running  close 

^  per  cent,  of  nickel  and  one-half  of  i  per  cent,  of  chromium 

7^  to  add  very  desirable  qualities  to  rail  steel  with  a  fur- 

?*  addition   of  3H   per   cent,   of    nickel.     Several    thousand 

2  of  this  Mayari  steel,  as  it  is  called,  by  both  Bessemer 

^•pen-hearth  process,  have  been  laid  in  steam  road  track  since 
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of  the  raiL  The  elastic  limit  and  the  maximtim  deflection  are  in> 
serted  from  computation  for  comparison  with  the  j<Mnts,  ^idth 
an  assumed  elastic  limit  of  60,000  lb.  and  a  modulus  of  elasticity 
of  30,000,000  lb.  It  may  be  noted  that  the  joints  comjxare  more 
favorably  with  the  rail  in  section  modulus  than  in  stiffness. 

The  bolt  holes  for  the  splice  bars  and  the  notches  for  the  spikes 
to  prevent  rail  creeping  are  usually  punched,  and  this  is  one  of  the 
reasons  why  soft  steel,  about  o.i  p>er  cent,  carbon,  is  common, 
but  one  of  the  pairs  of  bars  tested  contained  0.63  per  cent,  carbon,  j 
The  length  varies  from  about  2  ft.  with  4  bolts  to  3  ft.  with  6*j 
bolts,  although  a  length  of  3H  ft.  has  been  used.    The  short  bar  1 
is  used  with  a  susp>ended  joint  midway  between  two  ties,  the  barj 
reaching  from  tie  to  tie.     The  long  bar  is  used  with  a  three-tie  i 
joint,  the  ends  resting  on  the  outer  ties  with  the  joint  on  the  center 
one.    The  suspended  joint  is  advocated  as  doing  away  with  pK>und* 
ing  action  due  to  a  solid  support  under  the  raU  and  it  is  required  ' 
for  the  splice  bars  which  extend  below  the  rail  base  at  the  jointj 
the  three-tie  joint  is  advocated  as  giving  better  support  for  the 
joint  (which  is  the  first  part  of  the  rail  to  go  down  imder  traffic) 


Fig.  66. — ^Atlas  rail  joint — supported  type. 

than  the  two-tie  support  and  it  is  used  on  a  number  of  the  heavy 
traffic  trunk  lines.  With  long  bars  a  little  wear  of  the  fishing  sur- 
faces or  looseness  of  the  bolts  has  less  effect  in  allowing  angular 
motion,  a  consideration  often  overlooked.  The  track  bolts  are 
usually  H  to  ^  in.  with  roimd  heads  and  elliptical  section  under 
the  heads  to  prevent  turning  in  the  elongated  holes  of  the  splice 
bars.  Various  methods  are  used  to  prevent  the  nuts  from  rattling 
loose,  among  the  most  effective  being  the  spring  washer  and  the 
Harvey  grip  thread.  The  holes  in  the  rails  are  dnlled  large  enough 
to  allow  for  temperature  changes,  the  bolts  acting  only  in  tension 
to  hold  the  fishing  surfaces  in  contact  with  sufficient  force  to  trans- 
mit bending  moment. 

Rail  joints  may  be  laid  opposite  or  alternate.  The  former  is 
common  in  the  West  and  in  Europe.  It  is  advocated  on  the 
ground  that  since  the  tendency  of  the  track  is  toward  low  joints,  if 
they  are  put  opposite  no  side  lurch  is  given  and  the  train  is  easier 
on  track  and  passengers.  The  motion,  however,  is  unpleasant 
and  it  is  hard  on  draft  rigging  and  on  track,  the  blow  if  both  sides 
go  down  being  heavier  than  for  only  one.  On  curves  alternate  joints 
hold  alinement  much  better  as  there  is  a  solid  rail  opposite  each  joint 
to  prevent  the  track  from  kinking  due  to  springing  the  track  some« 
what  to  fit  the  curvature.    Again,  it  is  more  expensive  on  curves 
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to  having  to  cut  and  redrill  each  inner  rail,  rather  than  let 

inner  joints  run  ahead  until  a  rail  i  ft.  or  more  shorter  than 

standard  length  can  be  used.    Specifications  provide  for  the 

ptance  of  about  lo  per  cent,  of  the  rails  of  lengths  shorter  than 

standard  by  whole  feet  down  to  about  25  ft.  because  the  crop- 

of  the  top  of  the  ingot  may  prevent  the  remaining  portion 

cutting  into  full  rail  lengths. 

If  a  concealed  type  of  rail  bond  is  to  be  used,  care  must  be  taken 

tfae  design  of  the  rail  joint  that  sufficient  space  is  allowed  for  the 

even  after  wear  has  taken  place  on  the  joint. 
l!ie  Am.   El.  Ry.  Eng.  Assn.  recommends  joints  for   the   7- 
9-in.  girder  rails  as  shown  by  Figs.  53  and  54.    The  Commit- 
Way  Matters,  1910,  states  that  failures  due  to  poor  design 
te  may  be  attributed  largely  to  insufficient  fishing  surface  or 
ciency  of  metal  in  the  web,  either  of  which  faults  may  cause 
contact,  or  nearly  so,  at  the  fishing  surfaces,  thereby  mated- 
dy  decreasing  the  life  of  the  joint;  the  former  is  defective  in  that 
fte  oantact  surface  approximates  a  line,  and  the  latter  in  that  the 
jhte  will  bend  or  buckle  imder  the  load  applied  by  drawing  up 
ihe  hcAts,  thus  giving  a  line  contact  between  plate  and  rail.    An 
Iq^ection  of  the  rails  and  joint  plates  shown  in  the  catalogs  of 
lufacturers  will  furnish  many  examples  of  rail  lacking  in  fiish- 
surfaces,  and  of  plates  which  do  not  avail  themselves  to  the 
extent  of  the  limited  surfaces  presented.    The  life  of  this 
joint  will  be  materially  increased,  at  small  additional  cost  to 
completed  track  structure,  when  a  plate  is  designed  of  such 
and  stiffness  that  it  cannot  be  bent  under  any  load  appUed 
tightening  the  bolts,  particularly  when  supplied  with  channel 
ftBtact  surfaces  of  such  width  as  the  head  of  the  rail  will  permit. 
Re  customary  lengths  are  26  in.  for  a  6'bolt  joint  on  7>in.  rail  and 
321036  in.  for  i2-bolt  joint  on  9-in.  rail. 
Hdned  Joints.    By  the  use  of  welded  joints  a  continuous  rail, 
^li4.foIfills  the  three  required  elements  of  a  perfect  joint,  is  ob- 
^nei,  and  if  a  permanent  weld  could  be  made,  thus  eliminating 
^jdbtt,  the  life  of  the  rail  at  the  joint  would  be  equal  to  that 
rf  tiie  rail  at  any  other  point.    The  early  attempts  to  weld  rails 
*oe  made  by  means  of  electricity.    Later  the  cast  weld  was  in- 
'Induoed  and   became  very  popular,  and   after   another  period 
<f  time  had  elapsed  an  improved  electric  weld  was  placed  on  the 
and  it  has  divided  honors  with  the  cast  weld.    The  latest 
iopment  in  the  cast  weld  Hne  is  the  thermit  weld,  which  is 
ntially  a  modification  of  the  general  principles  of  cast  welding. 
principles  of  the  above-mentioned  joints  are  such  that  if  they 
perfectiy  installed  the  necessary  elements  desired  will  be  had. 
Cast  Weld,    In  certain  cities  cast  welding  has  been  very  success- 
fd,  while  in  others  the  results  have  been  unsatisfactory.    The 
imuiation  in  the  finished  joint  results  in  widely  different  conclusions 
IS  to  the  usefulness  pf  this  type  of  joint.    Investigation,  however, 
iliows  that  a  fair  percentage  of  the  failures  may  be  attributed, 
first,  to  the  section  of  the  rail  welded  and  its  chemical  composition; 
second,  to  an  improperly  designed  mold  and  the  consequent  distri- 
bution of  the  metal;   and,  tiiird  to  indifferent  workmanship  on 
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of  the  rail.  The  elastic  limit  and  the  maximum  deflection  are  in- 
serted from  computation  for  comparison  with  the  joints,  with 
an  assumed  elastic  limit  of  60,000  lb.  and  a  modulus  of  elasticity 
of  30,000,000  lb.  It  may  be  noted  that  the  joints  compare  more 
favorably  with  the  rail  in  section  modulus  than  in  stiffness. 

The  biolt  holes  for  the  splice  bars  and  the  notches  for  the  spikes 
to  prevent  rail  creeping  are  usually  punched,  and  this  is  one  of  the 
reasons  why  soft  steel,  about  o.i  per  cent,  carbon,  is  common, 
but  one  of  the  pairs  of  bars  tested  contained  0.63  per  cent,  carbon. 
The  length  varies  from  about  2  ft.  with  4  bolts  to  3  ft.  with  6 
bolts,  although  a  length  of  3H  ft.  has  been  used.  The  short  bar 
is  used  with  a  suspended  joint  midway  between  two  ties,  the  bar 
reaching  from  tie  to  tie.  The  long  bar  is  used  with  a  three-tie 
joint,  the  ends  resting  on  the  outer  ties  with  the  joint  on  the  center 
one.  The  suspended  joint  is  advocated  as  doing  away  with  pound- 
ing action  due  to  a  solid  support  under  the  rail  and  it  is  required 
for  the  splice  bars  which  extend  below  the  rail  base  at  the  joint; 
the  three-tie  joint  is  advocated  as  giving  better  support  for  the 
joint  (which  is  the  first  part  of  the  rail  to  go  down  imder  traffic) 


Fig.  66. — Atlas  rail  joint — supported  type. 

than  the  two-tie  support  and  it  is  used  on  a  number  of  the  heavy 
traffic  trunk  lines.  With  long  bars  a  little  wear  of  the  fishing  sur- 
faces or  looseness  of  the  bolts  has  less  effect  in  allowing  angular 
motion,  a  consideration  often  overlooked.  The  track  bolts  are 
usually  H  to  ^  in.  with  round  heads  and  elliptical  section  under 
the  heads  to  prevent  turning  in  the  elongated  holes  of  the  splice 
bars.  Various  methods  are  used  to  prevent  the  nuts  from  rattling 
loose,  among  the  most  effective  being  the  spring  washer  and  the 
Harvey  grip  thread.  The  holes  in  the  rails  are  drilled  large  enough 
to  allow  for  temperature  changes,  the  bolts  acting  only  in  tension 
to  hold  the  fishing  surfaces  in  contact  with  sufficient  force  to  trans- 
mit bending  moment. 

Rail  joints  may  be  laid  opposite  or  alternate.  The  former  is 
common  in  the  West  and  in  Europe.  It  is  advocated  on  the 
ground  that  since  the  tendency  of  the  track  is  toward  low  joints,  if 
they  are  put  opposite  no  side  lurch  is  given  and  the  train  is  easier 
on  track  and  passengers.  The  motion,  however,  is  unpleasant 
and  it  is  hard  on  draft  rigging  and  on  track,  the  blow  if  both  sides 
go  down  being  heavier  than  for  only  one.  On  curves  alternate  joints 
hold  alinement  much  better  as  there  is  a  solid  rail  opposite  each  joint 
to  prevent  the  track  from  kinking  due  to  springing  the  track  some- 
what to  fit  the  curvature.    Again,  it  is  more  expensive  on  curves 
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e  to  having  to  cut  and  redrill  each  inner  rail,  rather  than  let 

inner  joints  run  ahead  imtil  a  rail  i  ft.  or  more  shorter  than 

standard  length  can  be  used.    Sp>ecifications  provide  for  the 

ptance  of  about  lo  per  cent,  of  the  rails  of  lengths  shorter  than 

standard  by  whole  feet  down  to  about  25  ft.  because  the  crop- 

of  the  top  of  the  ingot  may  prevent  the  remaining  portion 

cutting  into  full  rail  lengths. 

If  a  concealed  type  of  rail  bond  is  to  be  used,  care  must  be  taken 

tt  the  design  of  the  rail  joint  that  sufficient  space  is  allowed  for  the 

flond,  even  after  wear  has  taken  place  on  the  joint. 

The  Am.  El.  Ry.  Eng.  Assn.  recommencis  joints  for  the  7- 
M^ia.  girder  rails  as  shown  by  Figs.  53  and  54.  The  Commit- 
^OQ  Way  Matters,  1910,  states  that  faUures  due  to  poor  design 
■P^te  may  be  attributed  largely  to  insufficient  fishing  surface  or 

I  JWffidency  of  metal  in  the  web,  either  of  which  faults  may  cause 
*iL '^  contact,  or  nearly  so,  at  the  fishing  surfaces,  thereby  mated- 
%  decreasing  the  Ufe  of  the  joint;  the  former  is  defective  in  that 
we  contact  surface  approximates  a  line,  and  the  latter  in  that  the 
^te  will  bend  or  buckle  under  the  load  applied  by  drawing  up 
pe  bolts,  thus  giving  a  line  contact  between  plate  and  rail.  An 
'^tion  of  the  rafls  and  joint  plates  shown  in  the  catalogs  of 

i  ^yfacturers  will  furnish  many  examples  of  rail  lacking  in  fiish- 

I  ?*?  surfaces,  and  of  plates  which  do  not  avail  themselves  to  the 
potent  of  the  limited  surfaces  presented.    The  life  of  this 

j  m  joint  will  be  materially  increased,  at  small  additional  cost  to 
^completed  track  structure,  when  a  plate  is  designed  of  such 
length  and  stiffness  that  it  cannot  be  bent  under  any  load  applied 
^wii  tightening  the  bolts,  particularly  when  supplied  with  channel 
l^ntact  surfaces  of  such  width  as  the  head  of  the  rail  will  permit. 
^M  customary  lengths  are  26  in.  for  a  6-bolt  joint  on  7-in.  rail  and 
3^  to  36  in.  for  1 2-bolt  joint  on  9-in.  rail. 
Welded  Joints.  By  the  use  of  welded  joints  a  continuous  rail, 
1^  fulfills  the  three  required  elements  of  a  perfect  joint,  is  ob- 
Jjmed,  and  if  a  permanent  weld  could  be  made,  thus  eliminating 
J  J«int,  the  life  of  the  rail  at  the  joint  would  be  equal  to  that 
J^e  rdl  at  any  other  point.  The  early  attempts  to  weld  rails 
r^  made  by  means  of  electricity.  Later  the  cast  weld  was  in- 
2°*i«ced  and  became  very  popular,  and  after  another  period 
J  tune  had  elapsed  an  improved  electric  weld  was  placed  on  the 
5^*^et,  and  it  has  divided  honors  with  the  cast  weld.  The  latest 
^elopment  in  the  cast  weld  line  is  the  thermit  weld,  which  is 
l^ntially  a  modification  of  the  general  principles  of  cast  welding. 
J^  Pnnciples  of  the  above-mentioned  joints  are  such  that  if  they 
^'iPerfectly  installed  the  necessary  elements  desired  will  be  had. 
,  J^  Weld,  In  certain  cities  cast  welding  has  been  very  success- 
^i.^hile  in  others  the  results  have  been  unsatisfactory.  The 
Ration  in  the  finished  joint  results  in  widely  different  conclusions 
^  w  the  usefulness  pf  this  type  of  joint.    Investigation,  however, 

1  fi^!^  ^^^t  a  fair  percentage  of  the  failures  may  be  attributed, 

f  7^  to  the  section  of  the  rail  welded  and  its  chemical  composition; 
i^H  to  an  improperly  designed  mold  and  the  consequent  distri- 

^^Ti  of  the  metal;   and,  third  to  indifferent  workmanship  on 
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individual  joints.  Two  of  the  most  ordinary  types  of  failure  a: 
be  noted.  First,  that  known  as  "  slip,"  resulting  from  the  f  aili| 
cast  metal  to  amalgamate  with  that  of  the  rail  section.  This  ci 
largely  overcome  by  care  in  the  selection  of  the  metal  enterini^ 
the  casting,  by  the  op>erators  assuring  themselves  that  the  meit 
poured  at  a  proper  heat,  and  by  cleaning  and  sand-blasting  j 
portion  of  the  rail  ends  which  it  is  expected  will  be  amalgam^ 
Second,  is  the  apparent  injury  done  to  the  rail  head  by  reasc 
the  application  of  hot  metal,  which  results  either  in  the  disto^ 
of  the  surface  or  in  the  changing  of  the  physical  characterist^ 
the  metal  itself.  The  distortion  can  be  eliminated  by  the  uj 
clamps  and  by  subsequent  grinding,  so  that  a  true  wearing  sid 
may  be  had,  and  the  change  of  the  physical  characteristics,  cii 
the  sudden  application  of  heat,  may  be  considerably  dlminislio 
the  placing  of  a  large  piece  of  metsd  on  the  rail  head  to  ra] 
conduct  the  heat  away,  by  pouring  the  molten  metal  so  that 
top  of  the  cast  metal  may  be  as  far  below  the  rail  head  as  is 
sistent  with  the  strength  of  the  joint,  and  lastly,  by  the  use  of 
jacket. 

Electric  Weld.  Failures  of  this  type  of  welding  occur  thr< 
the  fracturing  of  the  rail,  which  takes  place  usually  at  the  en( 
the  welded  bar.  Several  instances  have  been  noted  where  the 
themselves  have  been  fractured  at  the  joint.  This  meth< 
welding  depends  principally  upon  two  items  for  a  successful  j< 
first,  the  insertion  of  the  "dutchmen"  between  the  rail  em 
such  a  manner  that  the  pieces  inserted  cannot  work  loose, 
second,  the  accurate  grinding  of  the  finished  joint,  toget 
with  the  removal  of  a  slight  hump  that  occurs  in  welding 
tain  sections.  The  electric  weld  develops  in  a  degree 
weakness  that  is  shown  by  the  cast  weld,  which  has  beend( 
nated  as  "slip."  This  weakness  is  occasioned  by  the  pi 
failure  of  the  central  weld,  and  results  in  the  independent  motk 
of  the  abutting  rail  ends.  This  fault  is  serious,  but  the  work  maj 
be  so  prosecuted  that  its  occurrence  is  negligible.  The  report  0 
the  Board  of  Supervising  Engineers,  Chicago  Traction,  for  igi$ 
states  that  a  continued  improvement  in  the  process  of  electii 
welding  is  reflected  in  the  record  of  rail  joint  failures  for  the  pasi 
years.  At  that  time  nearly  62,000  joints  had  been  welded,  whici 
number  was  expected  to  be  increased  to  about  100,000  in  the 
following  year.  The  experience  with  electric  weld  rail  joints  in 
Chicago,  therefore,  affords  an  imusual  opportunity  to  observe  the 
durability  of  this  type  of  joint  construction  as  compared  with  thu 
joint  plates  and  bonds.  The  results  of  4  years'  experience  are 
shown  in  the  table  on  the  opposite  page. 

The  improvement  shown  in  the  results  was  brought  about  by 
the  combined  efforts  in  improving  the  workmanship  of  the  weld 
and  the  more  uniform  conditions  of  power  supply  which  became 
available  as  the  work  proceeded.  By  the  use  of  a  flux,  a  better 
weld  was  produced  than  without  fluxing,  and  the  strength  and 
uniformity  of  the  welds  were  thus  increased  by  two  or  three  times 
in  many  cases.  The  use  of  this  flux  began  with  the  1908  work. 
It  was  also  found  that  a  much  tougher  weld  was  produced  by  ap- 
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* 

with  ten  iHe-in.  holes  on  3-in.  centers.    The  holes  in  the  fishplates 

«id  rail  are  reamed  in   the  field,  and  the   fishplates  riveted 

*)  the  rail  with  i  in.  by  4H  in.  cone  head  rivets,  after  which  a 

it  wdd  is  made  around  the  base  of  the  rail.    The  complete 

is  given  as  $6.69  per  joint  on  103  lb.  7-in.  girder  rail. 

Compromise  jointe,  or  the  joint  between  ends  of  two  dissimilar 

"  sections  are  often  points  of  trouble,  due  to  the  fact  that  it  is 

t  to  make  such  joint  plates  with  good  contact  for  both  rails, 

t  with  special  facilities.    It  is  too  often  the  case  that  the 

tpromise  joint  is  overlooked  until  actually  needed  and  a  rough 

mith  job  is  allowed  to  suffice  only  to  cause  trouble  later. 

c  form  of  welded  joint  between  the  two  rail  ends  is  most 

actory,  and  where  joint  welding  apparatus  is  not  available 

the  field,  some  companies  weld  together  short  pieces  of  the 

ndl  sections,  and  use  standard  joint  plates  to  connect  these 

the  similar  adjoining  rails.    A  uniform  method  for  designating 

promise  joints  was  approved  by  the  Am.  El.  Ry.  Eng.  Assn.  in 

and  is  shown  by  Fig.  68.    The  observer  stands  between 

bat  0, facing  joints.    All  readings  are  made  from  left  to  right, 

b  reading  a  book,  and  as  indicated  by  arrows  on  the  figure. 

X  would  read  "one  combination  joint  connecting  Sec.  A 

'  ^i  in..  driUed  R.,  with  Sec.  B  worn  i  in,.  driUed  S." 

M,  A  j<TV^  SecU  B 


DiUIinsB 


^        »       f        SecUA  %       \       f 

\ ^         JDrilltngB  vixr 


Sect.  B 


DrllUntf  8 

Rg.  68.— Am.  El.  Ry.  Eng.  Assn.  uniform  method  for  designating  com- 
^  promise  joints. 

j^bwnce  for  Expansion  in  LayiDg  Rail,  The  Am.  Ky.  Eng. 
^■1^91 2)  recommends  that  in  laying  new  rail,  standard  expan- 
■BBsfims  sh^  be  used,  that  Uie  temperature  of  the  rail  shall  be 
^  by  placing  a  thermometer  on  the  rsdl,  and  that  the  openings 
*^^  33-ft.  rails  shall  be  as  follows: 

Temperature                                                                              Amount  of 
(degrees  Fahr.)  opening 

(H  25 H  in. 

25-50 Me  in. 

50-75 H  in. 

75-100 He  in. 

Over  100 close 

The  above  applies,  of  course,  to  open  track.    The  engineers  on 

^cet  railway  Unes,  through  experience,  have  concluded  that  the 

'Wng  of  rails  with  open  joints  is  unnecessary  in  paved  streets 

iJjd  ascertained  by  practice  that  if  the  rails  were  butted  tightly 

%ther  the  damage  to  the  rail  end,  due  to  the  impact  of  the  wheels, 

^W  be  minimized.    This  damage  is  in  direct  ratio  with  the  width 

the  opening  between  rail  ends.     Therefore,  in  order  to  obtain 

"^  ffect  fit  of  the  rail  ends,  most  rail  specifications  now  require 

in  addition  to  the  sawing,  the  rails  be  milled  and  finished,  and, 
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if  necessary,  filed  so  that  a  true  and  accurate  rail  end  may  be  ob 
tained.  Further,  the  Am.  El.  Ry.  Eng.  Assn.  has,  in  view  of  tlM 
desirability  of  obtaining  a  joint  with  no  intervening  space  between 
the  abutting  rail  heads,  recommended,  in  its  si>ecification  for  tht 
manuf Picture  of  rails,  in  addition  to  the  usual  finishing  of  the  raifc 
at  the  ends,  that  "the  rails  may  be  undercut  Hs  of  an  inchi 
There  is  now  in -use  in  one  of  the  western  cities,  on  T-rail  construcj 
tion,  a  special  form  of  rail  end,  the  rail  being  cut  to  a  vertical  be 
in  the  ratio  of  i  to  6.  This  type  of  cutting  enables  the  engin 
to  obtain  a  perfect  fit  of  the  abutting  rail  heads  and  with  the 
nary  bolted  joint  has  been  found  satisfactory.  It  is  questional 
however,  if  joints  of  this  type  would  be  of  any  particular  bea 
if  laid  on  heavy  traffic  lines. 

Grinding  and  Compromising  Joints.  Many  engineers  belie 
that  all  joints  should  be  ground  when  first  installed.  There  is 
question  that  a  joint  should  not  be  left  if  there  is  any  variation  wh 
soever  between  the  running  surfaces  of  abutting  rail  ends, 
the  wheels  have  an  opportunity  of  pounding'  the  rail  the  recei 
side  will  rapidly  cup  out  and  the  track  will  fail.  In  a  double 
and  where  the  traffic  is  in  one  direction,  the  receiving  rail,  after 
period  of  years,  becomes  badly  cupped.  If  the  joints  are  ordinal 
plates  they  may  be  offset  or  replaced  with  step  joints  so  that  tttl 
bottom  of  the  cup  is  on  a  level  with  the  top  of  the  delivery  railJ 
The  plates  are  then  driven  tight  and  bolted  up  in  place  and  the' 
adjoining  rails  ground  level.  It  is  important  that  the  joints  be 
ground  back  in  proportion  to  the  depth  of  the  cup,  this  grinding 
extending  sometimes  for  a  distance  of  6  ft.  on  each  side.  Riw 
treated  in  this  manner  and  having  proper  foundation  and  ties  wiu 
ride  like  new  track.  Rail  coidd  have  its  life  considerably  extend 
if,  as  soon  as  the  joints  begin  to  pound,  the  plates  are  puUed  up  am 
the  rail  so  ground  that  the  abutting  rail  ends  are  a  true,  level  sj 
face.  Such  practice  should  be  resorted  to  instead  of  neglecti 
the  joints  to  such  an  extent  that  nothing  is  to  be  done  except 
lose  the  rail  or  apply  some  expensive  method  in  reclaiming  it,  su« 
as  inserting  short  pieces  of  new  rail. 

Rail  Corrugations.  With  the  increased  use  of  solid  forms  of  tr 
construction  (concrete  base,  etc.),  the  advent  of  large  cars,  and 
necessity  of  rapid  rates  of  acceleration  and  braking,  this  form 
maintenance  trouble  has  increased  greatly  within  the  past  few  yea 
While  the  rail  manufacturer  is  ready  to  lay  the  cause  to  model 
traffic  conditions,  equipment  and  air  brakes,  many  engineers  plaC 
it  with  the  rolling  of  the  rail,  and  a  satisfactory  reason  has  not  y< 
been  offered.  The  corrugations  must  be  removed  by  some  form  < 
grinding,  either  by  an  ordinary  file  or  emery  block  set  in  a  fr«n 
and  operated  by  hand,  or  by  one  of  the  many  forms  of  rail  grindiaj 
machines.  The  19  lo  Com.  on  Way  Matters,  Am.  El.  Ry.  En| 
Assn.,  states  that  "the  cost  of  removing  corrugations  varies  froij 
a  few  cents  to  50  cents  per  foot  of  rail,  depending  on  the  depth  <g 
the  waves,"  the  only  other  remedy  being  to  renew  the  rails.  Thi 
grinding  should  be  done  as  promptly  as  possible  after  the  cornj 
gations  manifest  themselves,  as  once  started  the  trouble  rapidlj 
grows  worse. 
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I    CostofGiiadJaigRflnCQmjgat^^  Mr.CL.Crabbs 

1  pws  the  following  cost  data  covering  i  year's  work  on  track  of 
the  Brooklyn  Rapid  Transit  Company.  The  average  cost  per  foot 
^grinding  21,725  lin.  ft.  of  corrugation  of  an  average  depth  of 
^in.  was:  Labor  $0,112;  material,  $0.0227;  total,  $0.1347. 
Itog  the  same  period  1418  joints  and  dishes  of  a  depth  approxi- 
llfag  0.05  in.  were  ground,  the  average  cost  per  joint  being: 
Jlflr,|o.8322;  material,  $0,193;  total,  $1.0252.  This  work  was 
with  a  reciprocating  grinder,  but  Mr.  Crabbs  states  that  his 
'mce  with  considerable  grinding  of  joints  with  wheel  machines 
very  nearly  the  same  costs. 

ent  of  Rail  Wear.  For  obvious  reasons  ordinary 
are  not  suitable  for  measuring  rails  to  ascertain  either 
and  vertical  wear,  or  even  the  vertical  wear  over  the  whole 
of  the  head.  Various  instruments  and  devices  have  been 
for  this  purpose.  One  idea  that  has  been  put  into  service 
>{^y  molds  to  the  sides  of  the  rail  and  take  a  plaster-of-Paris 
from  which  precise  measurements  can  be  obtained  in  various 
Mil  The  instrument  shown  in  Fig.  69,  consisting  of  a  clamp 
|«d  a  curved,  tapering  scale  5,  was  designed  by  Mr.  Stephen 
wWdwin,  of  New  York  City,  and  described  in  Camp's  "  Notes 
%ck."    The  clamp  is  94  in.  thick     ^^,^ 

^applied  to  the  head  of  the  rail  uX^T't^r'T'rr^rr,,,,^,^  S 
5*tos  of  a  thumb-screw  e  and  stud  ^^*"-^-i2l!II2!I!rirEEi 
•»*lrin.  holes  drilled  into  the  rail 
*|iilttts  where  it  is  desired  to  take 
ments.  As  the  splice  bars  do 
interfere,  these  holes  may  be 
as  near  the  end  of  the  rail  as  is 
Presumably  each  rail  would 
at  the  middle  and  near 
The  center  line,  h  c,  be- 
^  opposite  holes  is  the  base 
ifl  measurements,  and  as  this 
I  and  not  affected  by  wear 
w  in  the  gage  side  should  be 
deep  enough  to  place  its 
end  beyond  the  reach  of 
from  the  wheel  flanges)    the 

when  adjusted,  will  always  occupy  the  same  position.    To 

It  corrosion  in  the  holes  they  may  be  filled  with  wax  after 

tu&e  the  instrument  is  used.    The  measurements  taken  be- 

the  working  faces  of  the  rail  and  the  reference  heads  on  the 

(No.  I,  No.  2.    .    .No.  7)  are  thus  accurate  records  for  com- 

the  size  of  the  rail  head  at  different  times.    The  purpose  of 

'  the  tap>ering  scale  is  to  prevent  bridging  depressions  in  the 

ace.    This  scale  is  tapered  and  graduated  to  measure  the 

^ce  between  the  damp  and  the  rail  within  Hoo  of  an 

LajTing.     Camp,  Track,  estimates  that  where    the  ties 
lided  ahead  by  trains,  56  laborers,  3  foremen  and  11  teams 
'drivers  should  lay  a  mile  of  track  in  10  hours  under  average 
5 


1^  ^\ ^V ^\ ^\  ^ 


Fig.  69. — Instruments  for  meas- 
urement of  rail  wear. 
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if  necessary,  filed  so  that  a  true  and  accurate  rail  end  may  be  ob- 
tained. Further,  the  Am.  El.  Ry.  Eng.  Assn.  has,  in  view  of  the 
desirability  of  obtaining  a  joint  with  no  intervening  space  between 
the  abutting  rail  heads,  recommended,  in  its  s|>edfication  for  the 
manufslcture  of  rails,  in  addition  to  the  usual  finishing  of  the  rails 
at  the  ends,  that  "the  rails  may  be  undercut  Ha  of  an  inch. 
There  is  now  in -use  in  one  of  the  western  cities,  on  T-rail  construc- 
tion, a  special  form  of  rail  end,  the  rail  being  cut  to  a  vertical  bevel 
in  the  ratio  of  i  to  6.  This  type  of  cutting  enables  the  engineers 
to  obtain  a  perfect  fit  of  the  abutting  rail  heads  and  with  the  ordi- 
nary bolted  joint  has  been  found  satisfactory.  It  is  questionable, 
however,  if  joints  of  this  type  would  be  of  any  particular  benefit  - 
if  laid  on  heavy  traffic  Unes. 

Grinding  and  Compromising  Joints.  Many  engineers  believe 
that  all  joints  should  be  ground  when  first  installed.  There  is  no 
question  that  a  joint  should  not  be  left  if  there  is  any  variation  what- 
soever between  the  running  surfaces  of  abutting  rail  ends.  Once 
the  wheels  have  an  opportunity  of  pounding'  the  rail  the  receiving 
side  will  rapidly  cup  out  and  the  track  will  iaiL  In  a  double  track, 
and  where  the  traffic  is  in  one  direction,  the  receiving  rail,  after  a 
period  of  years,  becomes  badly  cupped.  If  the  joints  are  ordinary 
plates  they  may  be  offset  or  replaced  with  step  joints  so  that  the 
bottom  of  the  cup  is  on  a  level  with  the  top  of  the  delivery  rail. 
The  plates  are  then  driven  tight  and  bolted  up  in  place  and  the 
adjoining  rails  ground  level.  It  is  important  that  the  joints  be 
ground  back  in  proportion  to  the  depth  of  the  cup,  this  grinding 
extending  sometimes  for  a  distance  of  6  ft.  on  each  side.  Rail 
treated  in  this  manner  and  having  proper  foundation  and  ties  wiU 
ride  like  new  track.  Rail  coidd  have  its  life  considerably  extended 
if,  as  soon  as  the  joints  begin  to  pound,  the  plates  are  puUed  up  and 
the  rail  so  ground  that  the  abutting  rail  ends  are  a  true,  level  sur- 
face. Such  practice  should  be  resorted  to  instead  of  neglecting 
the  joints  to  such  an  extent  that  nothing  is  to  be  done  except  to 
lose  the  rail  or  apply  some  expensive  method  in  reclaiming  it,  such 
as  inserting  short  pieces  of  new  rail. 

Rail  Corrugations.  With  the  increased  use  of  solid  forms  of  track 
construction  (concrete  base,  etc.),  the  advent  of  large  cars,  and  the 
necessity  of  rapid  rates  of  acceleration  and  braking,  this  form  of 
maintenance  trouble  has  increased  greatly  within  the  past  few  years. 
While  the  rail  manufacturer  is  ready  to  lay  the  cause  to  modem 
traffic  conditions,  equipment  and  air  brakes,  many  engineers  place 
it  with  the  rolling  of  the  rail,  and  a  satisfactory  reason  has  not  yet 
been  offered.  The  corrugations  must  be  removed  by  some  form  of 
grinding,  either  by  an  ordinary  file  or  emery  block  set  in  a  frame 
and  operated  by  hand,  or  by  one  of  the  many  forms  of  rail  grinding 
machines.  The  19  lo  Com.  on  Way  Matters,  Am.  El.  Ry.  Eng. 
Assn.,  states  that  "the  cost  of  removing  corrugations  varies  from 
a  few  cents  to  50  cents  per  ^oot  of  rail,  depending  on  the  depth  of 
the  waves,"  the  only  other  remedy  being  to  renew  the  rails.  The 
grinding  should  be  done  as  promptly  as  possible  after  the  corru- 
gations manifest  themselves,  as  once  started  the  trouble  rapidly 
grows  worse.. 
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Cofitof  Gfindlng  Ran  Corragatkms  and  Jomls.    Mr.  C.  L.  Crabbs 

P'tcs  the  following  cost  data  covering  i  year's  work  on  track  of 
the  Brooklyn  Rapid  Transit  Company.  The  average  cost  per  foot 
^grinding  21,725  lin.  ft.  of  corrugation  of  an  average  depth  of 
wi  in.  was:  Labor  $0,112;  material,  $0.0227;  totsd,  $0.1347. 
Baing  the  same  period  1418  joints  and  dishes  of  a  depth  approxi- 
•Itfflg  0.05  in.  were  ground,  the  average  cost  p)er  joint  being: 
UQr,|o.8322;  material,  $0,193;  total,  $1.0252.  "^^^  work  was 
with  a  reciprocating  grinder,  but  Mr.  Crabbs  states  that  his 
'mce  with  considerable  grinding  of  joints  with  wheel  machines 
very  nearly  the  same  costs, 
iremeat  of  Rail  Wear.  For  obvious  reasons  ordinary 
are  not  suitable  for  measuring  rails  to  ascertain  either 
and  vertical  wear,  or  even  the  vertical  wear  over  the  whole 
of  the  head.  Various  instruments  and  devices  have  been 
for  this  purpose.  One  idea  that  has  been  put  into  service 
^y  molds  to  the  sides  of  the  rail  and  take  a  plaster-of-Paris 
nom  which  precise  measurements  can  be  obtained  in  various 
The  instrument  shown  in  Fig.  69,  consisting  of  a  damp 
^■4  a  curved,  tapering  scale  5,  was  designed  by  Mr.  Stephen 
^ridwin,  of  New  York  City,  and  described  in  Camp's  "Notes 
JJ^A."  The  damp  is  94  in.  tMck  ^y,^ 
Jw^plied  to  the  head  of  the  rail  lCZ!7'777»TiTmn,__  S 
9[>tt»s  of  a  thumb-screw  e  and  stud  ^^'^•"^^'n^lTrci'i 
••Mrin.  holes  drilled  into  the  rail 
f^iats  where  it  is  desired  to  take 
ments.  As  the  splice  bars  do 
interfere,  these  holes  may  be 
as  near  the  end  of  the  rail  as  is 
Presumably  each  rail  would 
d  at  the  middle  and  near 
The  center  line,  h  c,  be- 
^  opposite  holes  is  the  base 
<fl  measurements,  and  as  this 
I  and  not  affected  by  wear 
w  in  the  gage  side  should  be 
deep  enough  to  place  its 
end  beyond  the  reach  of 
from  the  wheel  flanges)    the 

when  adjusted,  will  always  occupy  the  same  position.    To 

rt  corrosion  in  the  holes  they  may  be  filled  with  wax  after 

time  the  instrument  is  used.    The  measurements  taken  be- 

the  working  faces  of  the  rail  and  the  reference  heads  on  the 

(No.  I,  No.  2.    .    .No.  7)  are  thus  accurate  records  for  com- 

the  size  of  the  rail  head  at  different  times.    The  purpose  of 

I  the  tapering  scale  is  to  prevent  bridging  depressions  in  the 

*ffface.    This  scale  is  tapered  and  graduated  to  measure  the 

^  space  between  the  damp  and  the  rail  within  Hoo  of  an 

lA  Laying.     Camp,  Track,  estimates  that  where    the  ties 
•ukd  ahead  by  trains,  56  laborers,  3  foremen  and  11  teams 
»drivers  should  lay  a  mile  of  track  in  10  hours  under  average 
5 


n,»*'»ir«w4*«J^ 


Fig. 


69. — Instruments  for  meas- 
urement of  rail  wear. 
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conditions  without  hunting.    The  force  would  be  distributed  about 
as  follows: 

4  men  loading;  ties  la  spikers 

lo  teams  hauhng  ties  6  nippers 

6  men  placing  ties  i  spike  distributer 
8  men  unloading  and  placing     i  bolt  distributer  and  shim  collector 

rails  1  water  boy 

3  head  strappers  i  team  on  rail  car 

4  back  strappers  3  foremen 

Total,  56  not  including  foremen. 

Where  the  ties  are  run  out  on  rail  cars  and  carried  ahead,  one 
man  carrying  a  tie  as  may  be  done  with  soft  wood  ties,  8  men 
are  added  and  9  teams  subtracted  from  the  force  as  given  above. 
This  is  for  skeleton  track  which  shoidd  be  surfaced  by  taking 
materials  from  the  edges  of  the  roadbed  before  trains  are  allowed 
to  pass.  Frequently  it  is  ballasted  with  earth  and  used  for  speeds 
up  to  25  or  30  miles  an  hour  diuing  the  period  of  thin  traffic.  If 
other  ballast  material  is  to  be  used  it  is  brought  on  in  ballast  cars 
and  dumped  or  dumped  and  spread.  The  track  is  then  jacked  up, 
alined  and  tamped  to  surface,  but  new  track  will  settle  imevenly 
and  it  will  take  some  time  to  get  it  in  smooth  riding  condition. 
With  track-la3dng  machines,  the  rails  (with  angle  bars  attached) 
and  the  ties  are  brought  forward  from  the  supply  cars  of  the  con- 
struction train  to  the  front  car  or  machine  by  power,  the  ties  are 
carried  over  the  upper  chords  of  a  cantilever  truss  projecting  a  rail 
length  in  advance  of  the  car  and  delivered  when  they  can  be  placed 
without  disturbing  the  rail  men.  Each  rail  is  carried  forward  and 
lowered  so  that  it  can  be  easily  guided  to  position  a  little  in  front 
of  the  splice  bars  of  the  rail  in  place  and  then  pushed  back  by  hand 
and  partially  spiked,  or  in  some  cases  held  by  bridle  bars  and  spiked 
after  the  train  has  passed  ahead.  Some  are  self  propelling,  others 
have  power  for  handling  the  material  only  and  require  a  locomotive 
for  the  train.  The  older  machines  are  described  and  illustrated 
in  Camp's  Track  and  one  of  the  later  ones  in  which  air  is  used  in 
handling  the  rail  from  car  to  track,  in  En^neering  News,  1907. 
In  the  latter  case  the  machine  was  used  in  track  laying  on  an 
interurban  line  starting  from  Tacoma,  Washington,  and  it  is  stated 
that  from  2  to  2^  miles  per  day  could  be  laid  with  the  following 
force:  i  foreman,  4  men  to  operate  the  machine  and  feed  ties  and 
rails  to  the  conveyor,  6  men  to  distribute  and  space  ties,  4  strappers, 
8  spikers,  4  nippers  and  i  spike  peddler.  An  itemized  cost  ac- 
count of  laying  track  on  the  Frisco  Line  in  Louisiana  with  a  Harris 
machine  is  given  in  the  Engineering-Contracting,  19 10.  Part  of 
the  supplies  were  brought  35  miles  by  the  night  crew  which  did  some 
switcmng  during  the  noon  hour  when  the  day  crew  was  off.  About 
6000  ft.  of  full  tied,  bolted  and  spiked  track  were  laid  per  day  at  a 
total  cost  of  about  $200  per  mile,  the  contract  price  being  $275. 
This  included  the  switch  work.  It  is  claimed  that  an  improvement 
in  the  bridle  rods  could  be  made  which  would  increase  the  output 
by  1000  ft.  per  day  or  reduce  the  cost  to  $166  per  mile  for  skeleton 
track. 

Track  Bolts.    The  following  table  shows  the  average  num- 
ber of  track  bolts  per  keg  of  200  lb. 


A 


TRACK  LAYING.    BOLTS.    SPIKES 


:  Spikes.    The  following  table  shows  the  number  of  track 
cr  keg  of  200  lb.,  also  the  number  of  kegs  per  mile  with  ties 

ween  centers. 

Siie,  in.  I  No.  in  keg  of  lOO  lb.  I    No.  of  kcga  per  mile 


syi  X  a. 

J«H 

S       X  H 

J3M 

4W  X  H 

17H 

3M  X  M 

7!i 

>Hiiiiiiiiiili  Vahie  of  Grade  Detennlned  by  the  Use  of  Tape 

'"■     Fig.  70  (by  Mr.  G.  M.  Eaton,  Elec.  Journal,  iqii)  shows  a 

J  of  finding  an  approrimate  value  of  a  grade  by  use  of  a 

■toe  line.     The  tape  is  reefed  through  the  end  ring  or  eye,  and  a 

jn  is  stuck  through  the  tape  at  a  point  beyond  the  12-ft.  mark  such 

HU  when  the  pin  just  dears  the  rin^  the  12-ft.  mark  wilt  lie  in  the 

Mer  plane  of  the  ring.     The  tape  is  creased  at  the  4-ft.  and  9-tt, 

irks  and  is  fastened  to  the  reel  in  such  a  way  that  the  latter 

Ly  be  used  asaplumbbob.     If  possible,  the  ballast  is  scooped  out 

receive  the  reel  hanging  freely  below  the  rail,  as  at  D.     TTie  tape 

ded  to  the  rail  at  A,  the  4-ft.  mark,  and  is  suspended  by  a  string 

wire  at  B  with  the  portion  AB  drawn  straight.     The  portion  of 

:  tape  from  the  ring  to  A  is  drawn  straight  and  the  suspension 

B  and  C  are  adjusted  so  that  suspended  tape  and  pin  clear  the 

g.     The  number  of  per  cent,  grade  is  then  approximately  equal 

tt  1/3  in  which  X  is  measured  in  inches.     That  is,  every  half  inch 

Ictween  the  12-ft.  mark  and  the  surface  of  the  rail  at  G  indicates 

^prorimateiy  i  per  cent,  of  track  grade. 

Measaremcnt  of  Grade  by  Accelerometer.     I[  a  train  is  stand- 
iag  ot  moving  at  a  constant  speed  un  a  grade,  an  approximate  value 
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of  the  grade  may  be  obtained  by  an  accelerometer  (see  Acceler- 
ometer,  page  176),  located  on  the  train.  The  accelerometer  ma,y 
be  graduated  to  read  the  number  of  per  cent,  grade  directly.  If 
on  the  improvised  accelerometer  (see  Fig.  45,  page  176)  the  thread 


CceaM  Tape  at  9^" 


SUck  Pin 
Thru  Tape 
jast  below 


Top  of  Sail 


Creaie  Tape 


at  4:0' 


be  attached  a.t 
a  point  5H  in.. 
from  the  upj>er 
end     and     tlie 
upper  end  bent 
until  the  plumb 
thread      again 
cuts    the   3-in. 
point,   each    M 
in.  of  deflection 
will       indicate 
a  p  proximately 
I   per  cent,   of 
grade.     Due  to 
the    fact    that 
the  surface  on 
which  the    ac- 
celerometer 
rests   may  not 
be   parallel    to 
the  plane  oi  the 

Fig.  70. — Method  of  finding  approximate  value  of  grade     track  the   Zero 

by  use  of  tape  line.  adjustment     o£ 

the  accelerometer  should  be  made  while  the  car  on  which  the  accel- 
erometer is  located  stands  on  a  level  track  or  track  of  known  grade. 
Notes  on  Track  Curves.  In  American  practice  a  curve  is  des- 
ignated by  the  number  of  degrees  of  angular  measure  subtended 
at  the  center  of  the  drcle  by  a  chord  of  100  ft.  (Fig.  71).  A  i- 
deg.  curvti  is  a  curve 
of  such  a  radius  that  a 
chord  of  100  ft.  sub- 
tends a  central  angle 
of  I  deg.,  while  an  n- 
deg.  cur\''e  has  a  ra- 
dius such  that  a  chord 
of  100  ft.  subtends  a 
central  angle  of  n  deg. 
The  radius  of  a  i- 
deg.  curve  is  5730  ft. 
and  the  radius  of    an 

»-deg.    curve   is   -    -  ft.     The  maximum  allowable' curvature  on 

n 

new  construction  of  trunk  line  steam  railroads  now  seldom  ex- 
ceeds 3  deg.  In  street  railway  work,  where  curves  of  small 
radius  are  necessary,  the  curves  are  often  designated  by  the  radius 
instead  of  the  degree  of  curve. 

Super-elevation  of  Outer  Rail  on  Curves.    On  curves  the  outer 
rail  is  elevated  sufficiently  to  neutralize  the  centrifugal  force  of 


Fig.  71. — Designation  of  track  curves. 
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different  speeds  and  curvature.  It  is  not  considered  good  practice 
to  elevate  any  curve  more  than  7H  in. 

Fig.  72  shows  a  chart  of  the  super-elevation  of  outside  rail  on 
curves  as  used  by  the  Ohio  Electric  Railway  Company.  The 
chart  bears  tfaie  notation  that  the  speed  of  cars  and*  elevation  of 
outside  rails  should  be  limited  to  figures  of  the  chart  shown  inside 
the  heavy  lines.  Thus,  on  a  4-deg.  curve  the  track  elevation 
shoidd  net  exceed  4^  in.,  nor  the  speed  of  the  car  more  than  40 
miles  per  hour;  on  a  30-deg.  curve  the  elevation  should  not  ex- 
ceed 5  in.  nor  the  speed  of  the  car  more  than  16  miles  per  hour. 

Formula  for  Super-elevation.  The  amount  of  super-elevation 
of  outside  rail  on  curves  is  given  by  the  following  formula.  This 
formula  is  an  approximate  one,  but  the  error  amounts  to  less  than 
one  per  cent,  in  the  case  of  a  super-elevation  of  9  in.  on  standard 
gage  and  is  proportionately  less  for  other  super-elevations. 

e  =  0.00001165  Gv^n 
where   e  =  super-elevation  of  outer  rail,  inches 
G  =  gage  of  track,  inches 
V  =  speed  of  train,  miles  per  hour 
n  =  degree  of  curve. 

Rail  Bending.  In  shaping  a  rail  for  use  in  a  given  curve,  it  is 
convenient  to  stretch  a  cord  from  end  to  end  of  the  concave  side 
of  the  head  and  bend  the  rail  until  the  length  of  the  middle  ordinate 
(distance  from  center  of  cord  to  side  of  head)  is  equal  to  the  value 
given  in  the  following  table  for  the  curvature  and  rail  length  in 
hand.  The  middle  ordinate  for  any  other  length  of  rail  or  degree 
of  rurvature  within  the  limits  of  the  table  may  be  found  by  pro- 
portion. 


Middle  Ordinates  fob 

.  Curving  Rails 

Degree  of 

Length  of  rail 

curve 

33  ft. 

30  ft. 

28  ft. 

26  ft. 

24  ft. 

22  ft. 

20  ft. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

I 

Mfl 

H 

Mfl 

Me 

Me 

H 

H 

2 

H 

H 

7/1 6 

H 

Me 

H 

M« 

3 

iMfl 

iHfl 

H 

91  e 

7/le 

H 

M« 

4 

iH 

me 

»M« 

Hie 

H 

H 

M» 

5 

ilU 

iM« 

I  Me 

H 

H 

H 

91(1 

6 

i^it 

iMfl 

iH 

I  He 

H 

H 

H 

7 

i^Ma 

iH 

iMe 

i!4 

I  Me 

H 

9i 

8 

2H 
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iH 

iHe 

iMe 

I 

H 

9 

2H 

2H 
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iH 

iH 

iH  ' 

»M« 

10 

2»M6 

2H 

2Me 

iH 

iH 

iH 

iM« 

II 

3H 

2H 

2H 

i»Me 

I»M6 

1% 

m 

12 

3H 

J2^U 

2H 

2H 

iiMe 

I9l6 

iH 

13 

3H 

3Mfl 

2»H6 
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i»Me 

iH 

iH 

14 

3>M« 

3M« 
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2H 

2H 
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iH 

IS 

4M 
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2V4 
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16 
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2H 
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iHie 

17 
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3H 

3 
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iH 
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iH 
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3H 
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2^ 
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2 

20 
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4H 
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3 

2916 

2H 
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Finding  Degree  of  Cuire.  It  is  sometimes  necessary  to  find  the 
d^ree  of  a  curve  on  a  completed  track;  this  can  be  done  by  the  use 
of  a  tape,  by  the  following  method:  Some  convenient  point  on  the 
outer  rail  as  C  (Fig.  73)  is  selected.  From  the  gage  side  of  the 
oater  rail  at  C,  sight  along  the  gage  side  of  the  inner  rail  on  the  line 
CB.  The  p)oint  -4,  where  the  line  CB  produced  cuts  the  gage  side 
oithe  outer  rail  again,  is  thus  determined,  and  the  distance  AC 
Is  measured.  The  length  ^C  is  now  compared  with  the  values 
pven  in  the  table  and  the  corresponding  (fegrees  of  curve  in  the 
table  will  be  the  value  sought. 
The  values  given  in  the  table  for 
iC  are  the  long  chords  corre- 
\  Miding  to  a  constant  middle  or- 
flfeate  (equal  to  the  gage  of  the 
teck  which,  in  this  case,  is  4  ft. 

8.5  in.).     The  distance  measured   '^^^  73-— Finding  degree  of  curve, 
may  vary  several  feet  from  that 

fcHmd  in  the  table  due  to  the  inaccuracy  of  the  allnement  of  the 
track,  but  since  curves  are  nearly  always  made  in  even  degrees, 
except  in  sf>ecial  cases  where  local  conditions  make  it  necessary, 
the  degree  of  curve  can  almost  always  be  determined  by  the  above 
vctfaod  in  a  very  short  time. 


TotE  or  Chord  Lengths  for  Outer  Rail  Corresponding  to 
Middle  Ordinate  of  4  ft.  8h  in. 


Deg.ol  curve 
Lnigthof  AC 

in  ft. 


I" 
463 


2" 
328 


3' 
268 


4" 
232 


208 


60 
190 


7° 
176 


8« 
164 


9" 
ISS 


10° 
147 


11° 
140 


12" 
134 


13" 
129 


14" 
124 


IS" 

120 


A 

y  Totil  Deflection 
/     \J    Angle 


/  \ 

/  \ 


Fig.  75. — ^Laying  out  curve. 

Degree  of  Curve  to  Connect 
vTwo  Tangents.    (See  Fig.  74.) 
The  radius  of  a  circular  curve 
required  to  connect  two  tan- 
PiG.  74- — Curve  to  connect  tangents,    gents  may  be  found  by  divid- 
ing the  apex    distance   {P.C.t 
in  Fig.  74)   by  the  tangent  of  one-half  the  total  deflection  angle. 
Dividing  5730  by  this  radius  gives  the  degree  of  the  curve.    These 
mUs  may  be  expressed  as  follows: 
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in  a  weld  of  the  rail  ends  and  thermit  ateeL  The  composition  <d 
the  thermit  steel  may  be  regulated  to  conform  to  the  chatacler- 
iatica  of  the  steel  of  the  rail.  In  the  earlier  thermit  welding  prac- 
tice, a  space"  H  in.  was  left  between  the  rail  ends,  which  was  filled 
with  the  thermit  steeL  This  method  required  preUminary  anal- 
yses of  the  rail  steel  to  determine  the  amount  of  ^oy  which  was 
necessary  in  the  thermit  steel  to  give  a  uniform  wearing  quality 
in  the  head  of  the  rail  across  the  joint.  In  Europe,  where  low- 
carbon  steel  rail  is  generally  used,  butt-welding  was  done  by  care- 
fully filing  the  rail  ends  to  parallel  surfaces,  holding  them  together 
with  special  clamping  apparatus,  and  preheating  by  a  small  char- 
coal furnace  immediately  before  the  application  of  the  mold;  a 
second  application  of  thermit  is  made  to  bring  the  rail  head  to 
- —  —       welding    temperature,     after    which    the 

clamping  apparatus  forces  the  rail  together, 
completing  the  weld.  With  high -carbon 
steel  as  used  in  American  practice,  difficulty 
was  had  in  making  the  full  section  weld 
with  similar  composition  until  the  adoption 
in  1913  of  the  following  method:  An  insert 
of  the  shape  as  shown  in  Fig.  6;  ;i  in.  in 
thickness,  and  of  the  same  composition  as 
the  rail  (sometimes  cut  from  the  rail  section) 
is  placed  between  the  rail  ends.  The  ther- 
'  mit  is  poured  as  in  the  earlier  method,  re- 
taining the  usual  weld  of  the  base  and  rail, 
outside  edge  of  ball  and  lip.  The  shrink- 
age of  these  welds  compresses  and  butt- 
welds  the  rail  ends  and  insert  which  have 
been  brought  to  welding  temperature  by  the 
preheating  due  to  the  thermit  pouring.  In 
_  ,  _.  .  ,  „  this  method,  no  part  of  the  wearing  surface 
ii'ti^J  wdd.  is  replaced  with  thermit   steel,  so  there  is 

no  need  for  special  alloys,  and  it  is  said  that 
the  cost  of  using  the  insert  is  balanced  by  a  decrease  in  the  amount 
of  grinding  required. 

Clark-Thermit  Joint  This  joint  as  described  by  Mr.  Chas.  H. 
Clark,  and  as  used  in  Buffalo  and  Cleveland,  consists  of  the  common 
joint  plates  with  drive  ht  bolts  and  a  shoe  of  thermit  steel  on  the 
bSseoftherailat  the  joint.  Rails  and  plates  are  drilled  with  round 
holes  of  the  same  size,  »t  in.  smaller  in  diameter  than  the  bolts, 
which  are  standard  machine  bolts  with  square  heads  and  hexagon. 
nuts.  The  holes  are  reamed  to  fit,  using  special  adjustable  reamers 
with  a  track  drilling  machine.  The  thermit  weld  is  made  in  the 
base  of  the  rail  after  the  joint  has  been  placed  and  bolts  drawn  up 
tight.  Mr.  Clark  has  given  the  cost  of  12  hole  joints  with 
iH-in.  bolts  in  140  lb.  rail  as  S6.07  each,  complete,  and  of  8 
hole  joints  as  S5-oS  each.  A  modification  of  the  Clark  joint  has 
been  used  in  Baltimore.  Spedal  fishplates  are  provided,  i  in. 
thick  and  of  spedal  design  to  fit  the  contour  of  the  head  and  bas« 
of  rail  with  a  minimum  space  between  web  of  rail  and  fishplate. 
These  are  of  the  same  high-carbon  ste^l  as  the  rail  and  are  punched 
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The  table  on  page  72  gives  chord  deflection  distances  for  loo-ft.  chord 
aad  even  degrees  of  curve.  Vsdues  of  chord  deflection  for  other 
curvatures  within  the  limits  of  the  table  may  be  obtained  from  the 
^tUe  by  proportion. 
Bmcment  Curves.  Where  the  track  passes  from  tangent  to 
the  direction  and  super-elevation  change  suddenly.  To 
the  shock  and  lurch  of  the  train,  due  to  an  instant  change  in 
idative  position  of  cars,  trucks,  etc.,  an  "easement  is  made  from 
t  to  curve.  This  easement  allows  the  train  to  take  the  path 
spiral,  i.e.,  the  degree  of  curve  increases  at  regular  intervals 
tangent  to  curve  until  the  maximum  degree  of  curvature,  or 
cl  the  simple  curve,  is  reached.  Where  it  is  possible,  the  length 
spiral  (in  feet)  is  usually  made  fifty  times  the  degree  of  curve 
is  being  approached.  The  corresponding  easement  in  eleva- 
oovers  the  entire  length  of  the  spiral,  being  zero  at  the  begin- 
and  increasing  to  the  maximum  super-elevation,  for  the  simple 
,  at  the  end  of  the  spiral.  The  following  notes  on  easement 
es  are  from  a  compilation  by  £.  R.  Cary  of  Rensselaer  Poly- 
iKiioic  Institute : 

S*D 

I  = where  L  is  length  of  easement  curve  in  feet,  S  is  speed 

1000  r 

^viles  per  hour,  Z?,  degree  of  curvature  and  r  is  rate  of  elevating 

}  •terail  in  inches  per  second  of  train  speed,    r  may  vary  from  i 

to  2  in.  per  second.     Nearest  multiple  of  adopted  chord  should  be 

■wi for  L.     Distance  of  beginning  of  spiral  from  vertex  of  curve  is: 

Ts '^  Tc  -\-  d  -\-  ptSLU.  H  I;  where  Tc  is  tan.  dist.  of  circ.  curve 

•Ui  central  angle  of  /,  d  is  approximately  hL  and  p  =  — =,  R  is 

ndiiis  of  curvature  of  circular  curve. 

Deflections  from  tangent  through  P.S.  (point  of  spiral)  are  as 
kibws: 


\ 


I    conrature  ' 
percbord  ' 


Deflection  for  chords  of  10  ft.  each 
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o°so'^ 
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For  other  chords  and  other  changes  curvature  per  chord:  Mul- 
ly  tabular  amount,  for  a  change  of  i  deg.  per  chord  length, 
fthe  given  change  of  curvature  per  chord  and  multiply  the  product 
"given  chord  -5-  10.  For  fractional  chords  multiply  deflection 
for  first  chord  by  square  of  fractions  which  represent  dis- 
of  pcMnts  from  beginning  of  spiral  expressed  in  diords. 
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if  necessary,  filed  so  that  a  true  and  accurate  rail  end  may  be  ob- 
tained. Further,  the  Am.  El.  Ry.  Eng.  Assn.  has,  in  view  of  the 
desirability  of  obtaining  a  joint  with  no  intervening  space  between 
the  abutting  rail  heads,  recommended,  in  its  specification  for  the 
manufacture  of  rails,  in  addition  to  the  usual  finishing  of  the  rails 
at  the  ends,  that  "the  rails  may  be  undercut  Ha  of  an  inch. 
There  is  now  in  use  in  one  of  the  western  dties,  on  T-rail  construc- 
tion, a  special  form  of  rail  end,  the  rail  being  cut  to  a  vertical  bevel 
in  the  ratio  of  i  to  6.  This  type  of  cutting  enables  the  engineers 
to  obtain  a  perfect  fit  of  the  abutting  rail  heads  and  with  the  ordi- 
nary bolted  joint  has  been  found  satisfactory.  It  is  questionable, 
however,  if  joints  of  this  type  would  be  of  any  particular  benefit  - 
if  laid  on  heavy  traffic  lines. 

Grindmg  and  Compromising  Joints.  Many  engineers  believe 
that  all  joints  should  be  ground  when  first  installed.  There  is  no 
question  that  a  joint  should  not  be  left  if  there  is  any  variation  what- 
soever between  the  running  surfaces  of  abutting  rail  ends.  Once 
the  wheels  have  an  opportunity  of  pounding'  the  rail  the  receiving 
side  will  rapidly  cup  out  and  the  track  will  fail.  In  a  double  track, 
and  where  the  traffic  is  in  one  direction,  the  receiving  rail,  after  a 
period  of  years,  becomes  badly  cupped.  If  the  joints  are  ordinary 
plates  they  may  be  offset  or  replaced  with  step  joints  so  that  the 
bottom  of  the  cup  is  on  a  level  with  the  top  of  the  delivery  rail. 
The  plates  are  then  driven  tight  and  bolted  up  in  place  and  the 
adjoining  rails  ground  level.  It  is  important  that  the  joints  be 
ground  back  in  proportion  to  the  depth  of  the  cup,  this  grinding 
extending  sometimes  for  a  distance  of  6  ft.  on  each  ^de.  Rail 
treated  in  this  manner  and  having  proper  foundation  and  ties  will 
ride  like  new  track.  Rail  could  have  its  life  considerably  extended 
if,  as  soon  as  the  joints  begin  to  pound,  the  plates  are  puUed  up  and 
the  rail  so  ground  that  the  abutting  rail  ends  are  a  true,  level  sur- 
face. Such  practice  should  be  resorted  to  instead  of  neglecting 
the  joints  to  such  an  extent  that  nothing  is  to  be  done  except  to 
lose  the  rail  or  apply  some  expensive  method  in  reclaiming  it,  such 
as  inserting  short  pieces  of  new  rail. 

Rail  Corrugations.  With  the  increased  use  of  solid  forms  of  track 
construction  (concrete  base,  etc.),  the  advent  of  large  cars,  and  the 
necessity  of  rapid  rates  of  acceleration  and  braking,  this  form  of 
maintenance  trouble  has  increased  greatly  within  the  past  few  years. 
While  the  rail  manufacturer  is  ready  to  lay  the  cause  to  modem 
traffic  conditions,  equipment  and  air  brakes,  many  engineers  place 
it  with  the  rolling  of  the  rail,  and  a  satisfactory  reason  has  not  yet 
been  offered.  The  corrugations  must  be  removed  by  some  form  of 
grinding,  either  by  an  ordinary  file  or  emery  block  set  in  a  frame 
and  operated  by  hand,  or  by  one  of  the  many  forms  of  rail  grinding 
machines.  The  19  lo  Com.  on  Way  Matters,  Am.  El.  Ry.  Eng. 
Assn.,  states  that  "the  cost  of  removing  corrugations  varies  from 
a  few  cents  to  50  cents  per  loot  of  rail,  depending  on  the  depth  of 
the  waves,"  the  only  other  remedy  being  to  renew  the  rails.  The 
grinding  should  be  done  as  promptly  as  possible  after  the  corru- 
gations manifest  themselves,  as  once  started  the  trouble  rapidly 
grows  worse.. 
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nthe  coDtouis  of  the  minimuiii  grooves,  as  shown  at  AB.  To 
'  in  these  projections  (see  ABC,  Fig.  78),  pass  a  series  of  pUnes 
a\&ukt  to  the  aiis  of  the  truck.  They  will  cut  lines  from 
iiba  of  the  flange.  Project  these  lines  by  means  of  track 
upon  the  radial  plane  AB  (shown  rotated  about  line  AB, 
lua,  into  the  plane  of  the  paper).  The  outline  curve  FCH, 
■t  lo  aU  of  th^  projections,  is  the  contour  of  the  required 
MM  groove.  The  gage-line  of  a  grooved  rail  or  of  a  groove  is 
tauriiy  taken  as  the 


^  plane  through 
Iread-line  with  the 
I  sde  o[  the  groove 
"ced,  the  rounded 
f  being  ignored. 
Bisbaas,  thepoai- 
wsuchagage-line 
KMnimum  groove 
to^pated  with  a 
^  as  determined 
M  standard  gage  u 
'^■--'  -  follows: 


'^if*  n'  '"'*'  *^^  mid-point  O  of  the  axle  1 
"foe  D~E,  of  diameter  equJ  to  standard 


_.  .. ...  ,     .  describe 

eqoBl  to  standard  gage  and  draw  track 

ly  t  to  D-E,  one  on  each  side  and  produce  them  to  A-B 
I  'm,  we  determine  the  position  of  the  standard  gage-line. 
'  Me  such  determination — at  m-n — is  shown  in  Fig,  78. 
k^  set  to  a  gage  M  in.  less  than  standard  gage  and  with 
««  gage-line  taken  at  a  point  on  the  fiUet  of  the  flange  M 


}^  the  level  of  the  tread,  it  is  found  that  the  standard  gage- 
''"  the  tninimum  groove  gage-line  coincide  for  all  fiangea  used 
.-present  time. 

*  Am.  EL  Ry.  Eng.  Assn.  recommends  the  following 
■lot determining  gage  and  flangeway  on  curves:  Condition: 
?<!)«£  is  assumed  to  be  A.E.R.E.A.  standard,  namely,  4  Et. 
'^,  taken  between  fillets  of  flanges,  H  in.  below  treads;  track 
* '  ft.  811  m. 

I-   For  A.E.R.E.A.  standard  wheel  flanges  and  one  wheel 
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its  first  offerings  in  1910,  but  as  yet  the  results  as  to  its  wearing 
qualities  and  breakages  are  still  largely  unavailable.  Many 
dectric  railway  companies  have  also  used  tliis  steel  for  girder  rails 
and  the  indications  point  to  a  cheap,  hard,  tough  and  ductile  steel, 
which  is  much  needed  for  rails. 

High  Silicon  SteeL  It  may  be  well  here  to  mention  the  possibili- 
ties in  using  an  increased  amount  of  silicon  in  common  open-hearth 
steel  for  rails.  Steel  with  as  high  as  four-lenths  of  1  per  cent,  of 
silicon,  or  double  the  high  limit  used  in  this  country,  is  reported  to 


have  given  excellent  wearing  r 
suits  on  English  roads. 

Rail  Joints.    The  common  ai 
gle  bar  splice.  Fig,  59,  comes  i 
contact  with   the  rail  along  the    I 
fishing  surfaces  under  the  rail  head 

and  on  the  rail  base.     By  tight-   pic.  ao.— 100  per  cent,  type  Joint, 
ening  the  track  bolts  the  bars  are 

wedged  in  so  that  shear  and  bending  moment  due  to  wheel  loads 
will  be  transmitted  across  the  joint  giving  somewhat  the  effect 
of  a  continuous  rail.  To  increase  the  strength  and  stiffness,  the 
tower  flanges  may  be  widened  opposite  the  joint  and  extended 
down  below  the  rail  base  as  in  the  "too  per  cent."  type,  Fig.  60, 


Fic.  61.— Web 


— ContLni 


the  Bonzano,  Duquesne,  etc.  In  other  forms  a  plate  is  placed 
under  the  joint  as  an  extension  of  the  lower  flange  of  one  of  the 
angle  bars,  or  as  a  separate  plate  locked  to  the  lower  flanges  of 
both  bars.  Figs,  61  to  66,  inclusive,  illustrate  the  special  forms  of 
joints  known  as  the  Webber,  Continuous,  Wolliaupter,  and  Atlas. 
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(1913)  said  that  theoretically  for  track  laid  to  true  gage 

combination  of  radius  of  curve  and  wheel  base  of  truck, 

a  given   wheel  flange,  calls  for  a  specific  width  of  groove 

the  inside  of  the  flange  of  the  inside  wheel  bear  against  the 

and  keep  the  flange  of  the  outside  wheel  from  grinding  against 

9ig^^i^c  ^nd  possibly  mounting  it.     It  is  manifestly  imprac- 

"to  provide  guard  rails  with  such  a  variety  of  grooves  or  to 

the  grooves  of  the  rolled  rail.    The  usual  minimum   of 

I  in.  is  wide  enough  to  pass  the  A.E.R.E.A.  standard  flanges  on  a 

wbeel  base  down  to  about  45-ft.  radius,  and  the  maximum  width 

U  in.  down  to  about  35-ft.  radius.    On  curves  of  larger  radius 

excess  width  should  be  compensated  for  by  a  corresponding 

of  the  gage.     If  the  groove  in  the  rolled  rail  is  too  narrow 

conditions,  it  must  be  widened  by  planing  on  the  head 

!  of  the  inside  rail,  to  preserve  the  full  thickness  of  the  guard,  and 

ithe  guard  side  of  the  outside  rail  to  preserve  the  full  head.     Un- 

'  wheel  bases  such  as  8  ft.  or  9  ft.  may  require  widening  of  the 

on  some  curves.    This  widening  of  gage  is  necessary  only  to 

the  guard  into  play  when  the  groove  is  too  wide  for  some  one 

tination  of  whed  and  flange.     In  T-rail  curves  the  guard  is 

of  a  rolled  shaped  g^ard,  or  a  flat  steel  bar,  bolted  to  the 

In  special  work  and  curves  in  high  T-rail  track  a  girder  guard 

IB  often  used.     This  is  desirable,  as  it  gives  the  solid  guard  in 

piece  with  the  running  rail.     The  idea  that  a  separate  guard 

I  be  renewed  when  it  is  worn  out  does  not  work  out  in  practice,  as 

usually  the  case  that  when  the  g^ard  is  worn  the  running  rail 

I  also  worn  to  such  an  extent  that  it  will  soon  have  to  come  out 

The  only  drawback  to  the  girder  guard  rail  in  high  T-rail 

is  the  compromise  joint  between  the  two.    This,  however, 

ly  be  properly  cared  for,  as  described  elsewhere. 

Hard  Center  and  Solid  Manganese  Special  Woilc.    In  such 

work  as  frogs  and  crossings  at  the  present  prevailing  prices, 

can  afford  anything  less  durable  for  tracks  in  paved  streets 

liird-center"  work.    In  this  special  work  the  pieces  are  formed 

'ittOls  held  together  by  a  casting  into  which  they  are  partly  fused 

welded,  or  they  are  made  of  an  entire  steel  casting.     In  either 

a  recess  is  left  in  the  central  part  into  which  a  hard  metal  plate 

t  and  fastened  in  various  ways.     The  best  metal  for  the  centers 

jmanganese  steel,  although  some  work  is  still  made  with  chrome  or 

steel  centers.     On  account  of  the  difficulty  of  machining 

lese  steel  and  because  heating  it  to  some  marked  degree 

)ys   its   toughness  and  wearing  quality,   certain  limits  are 

on  the  methods  of  applying  and  fastening  manganese  steel 

js  as  centers  in  the  main  body  of  the  special  work.     One 

lod  is  to  use  a  pendent  lug  and  key  going  through  the  lug  and 

ly,  pulling  the  center  down  into  the  recess.     Another  is  to  use  a 

>ination  of  wedges  applied  to  the  edge  of  the  center  and  between 

the  wall  of  the  body  portion.     Another  method  is  by  use  of  a 

and  brass  set  screw  between  horizontally  extending  lugs  on  the 

and  corresponding  recesses  in  the  body  portion;  and  still 

_r  is  the  method  of  simply  bolting  down  the  center  by  vertical 

ninning  through  both  the  body  and  center  plate.    In  all 
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of  the  rail.  The  elastic  limit  and  the  maximum  deflection  are  in- 
serted from  computation  for  comparison  with  the  joints,  with 
an  assumed  elastic  limit  of  60,000  lb.  and  a  modulus  of  elasticity 
of  30,000,000  lb.  It  may  be  noted  that  the  joints  compare  more 
favorably  with  the  rail  in  section  modulus  than  in  stiffness. 

The  bolt  holes  for  the  splice  bars  and  the  notches  for  the  spikes 
to  prevent  rail  creeping  are  usually  punched,  and  this  is  one  of  the 
reasons  why  soft  steel,  about  o.i  per  cent,  carbon,  is  common, 
but  one  of  the  pairs  of  laars  tested  contained  0.63  per  cent,  carbon. 
The  length  varies  from  about  2  ft.  with  4  bolts  to  3  ft.  with  6 
bolts,  although  a  length  of  3H  ft.  has  been  used.  The  short  bar 
is  used  with  a  suspended  joint  midway  between  two  ties,  the  bar 
reaching  from  tie  to  tie.  The  long  bar  is  used  with  a  three-tie 
joint,  the  ends  resting  on  the  outer  ties  with  the  joint  on  the  center 
one.  The  suspended  joint  is  advocated  as  doing  away  with  pound- 
ing action  due  to  a  solid  support  under  the  rail  and  it  is  required 
for  the  splice  bars  which  extend  below  the  rail  base  at  the  joint; 
the  three-tie  joint  is  advocated  as  giving  better  support  for  the 
joint  (which  is  the  first  part  of  the  jail  to  go  down  under  traffic) 
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Fig.  66. — Atlas  rail  joint — supported  type. 

than  the  two-tie  support  and  it  is  used  on  a  number  of  the  heavy 
traffic  trunk  lines.  With  long  bars  a  little  wear  of  the  fishing  sur- 
faces or  looseness  of  the  bolts  has  less  effect  in  allowing  angular 
motion,  a  consideration  often  overlooked.  The  track  bolts  are 
usually  H  to  ^  in.  with  round  heads  and  elliptical  section  under 
the  heads  to  prevent  turning  in  the  elongated  holes  of  the  splice 
bars.  Various  methods  are  used  to  prevent  the  nuts  from  rattling 
loose,  among  the  most  effective  being  the  spring  washer  and  the 
Harvey  grip  thread.  The  holes  in  the  rails  are  drilled  large  enough 
to  allow  for  temperature  changes,  the  bolts  acting  only  in  tension 
to  hold  the  fishing  surfaces  in  contact  with  sufficient  force  to  trans- 
mit bending  moment. 

Rail  joints  may  be  laid  opposite  or  alternate.  The  former  is 
common  in  the  West  and  in  Europe.  It  is  advocated  on  the 
ground  that  since  the  tendency  of  the  track  is  toward  low  joints,  if 
they  are  put  opposite  no  side  lurch  is  given  and  the  train  is  easier 
on  track  and  passengers.  The  motion,  however,  is  unpleasant 
and  it  is  hard  on  draft  rigging  and  on  track,  the  blow  if  both  sides 
go  down  being  heavier  than  for  only  one.  On  curves  alternate  joints 
hold  alinement  much  better  as  there  is  a  solid  rail  opposite  each  joint 
to  prevent  the  track  from  kinking  due  to  springing  the  track  some- 
what to  fit  the  curvature.    Again,  it  is  more  expensive  on  curves 
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but  are  safeguards  against  a  tongue  which  is  too  loose  or  which  has 
tt&de&des  of  accidental  throwing  between  trucks. 
Special  Work  for  Standard  T-RaiL    In  standard  T-rail  for  un- 

d  streets  practically  the  same  detaUs  of  construction  are  fol- 
in  the  various  special  pieces  as  in  girder  rail  and  high  T-raii 
wk,  except  that  the  low  T-rail  gives  a  better  opportunity  for  the 


Fig.  8o. — loo-ft.  inside  radius  switch  pieces  with  broken  joints. 

•«f  solid  magnanese  steel  pieces  at  no  marked  increase  in  cost 
••hard-center  work.  A  class  of  hard-center  work  used  in  con- 
■*oii  with  standard  T-rail  is  known  as  insert  work.  In  this  con- 
*Jction  the  main  portion  of  the  special  piece  is  built  up  of  rails, 
««  a  small  manganese  steel  casting,  which  corresponds  in  extent 
i  J^  center  plate  of  hard-center  work,  is  bolted  in  between  the  rails. 
'« cost  of  this  is  not  much  less  than  that  of  the  solid  manganese 
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however,  and  the  latter  is  therefore  preferable  in  new  work. 
8  find  their  best  places  in  repair  work  where  the  lengths  of  the 
lal  pieces,  often  of  ordinary  bolted  construction,  must  be 
to  and  where  solid  manganese  steel  pieces  may  become  too 
8ive  because  of  additional  length.  Little  ordinary  bolted 
is  now  used  in  T-rail  track  on  public  highways  except  in  places 
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where  the  traffic  is  unimportant  or  the  headway  infrequent 
and  sometimes  inside  of  carhouses.  In  standard  T-rail  work  omu 
private  rights-of-way  where  steam  railroad  practice  can  be  foUomredL 
the  ordinary  frogs  and  split  switches  should  be  used  for  the  sake  oC 
economy.  However,  where  traffic  on  such  lines  is  very  heav3% 
manganese  steel  frogs  of  either  the  solid  or  rail-bound  type  and  s^i^^ 
switches  with  manganese  steel  points  should  be  used.  If  the  whe^s 
on  such  roads  have  a  narrow  tread,  provision  must  be  made  f<Mr 
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Fig.  82. — Portion   of   layout    using    186    standard    switches  and    mates. 


flange  bearings  in  frogs  and  crossings,  thereby  distinguishing  th.e 
work  from  the  regular  style  of  steam  railroad  work.    In  the  ordi* 
nary  bolted  frogs  and  in  the  fixed  line  of  spring  frogs  this  is  usually 
done  by  making  the  filler  between  the  rails  of  sted  and  carrying  it  , 
up  to  the  necessary  height  of  the  groove. 

Dimensions  of  Switch  Tongues,  Mates  and  Frogs.    Fig.  80  shows  ^ 
loo-ft.  inside  radius  switch  pieces  with  joints  broken,  and  a  table 


No.  of 
Frog 


No.  4 


No.  5 


Now  6 


No.  8 


Angle 


14-15' 


U-25' 


9-32' 


7^-9' 


Arm 
Length  G 


5T0 


// 


6'-6" 


8<^ 


,  Arm 
Length  H 


4'-0 


4-0 


// 
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Pig.  83. — Dimensions  of  Am.  £1.  Ry.  Eng.  Assn.  frogs. 


(Fig.  81)  gives  the  guiding  dimensions  of  switches  of  diflFerent 
radii  as  recommended  by  the  Am.  El.  Ry.  Eng.  Assn.  It 
appears  that  a  loo-ft.  radius  switch  is  satisfactory  for  many  urbaA 
roads  and  its  possibilities  are  shown  in  Fig.  82,  which  is  a  portion  of 
one  layout,  in  which,  under  many  conditions,  186  standard  switches 
and  mates  are  utilized.  Another  table  (Fig.  83)  gives  a  list  <rf 
A.E.R.E. A.  recommended  frogs  for  turnouts  md  cross>overs,  design 


STANDARD  SPECIAL  WORK 


Ibe  length  from  the  theoret- 
lol  point  to  the  heel  to  the 
fKad  between  the  gage-lines 
itflieheel  (Fig.  88).  Fig.  S4 
Aooia  loo-ft.  radius  switch 
mUtd  to  make  up  a  stand- 

esting  to  note  that  from  the 
ncords  of  one  of  the  large 
■uufacturers  it  is  shown 
OU  over  half  of  all  the 
witches  ordered  were  of  100- 
IL  radius,  also  that  very 
fe*  of  the  street  railway 
companies      favored     spiral 

($en  Tntek  Ptrist  Switch. 
ii  shonn  in  F^.  86,  the 
Ma  rails  of  the  trai±  as^ 
wn  in  fa<nng  the  turnout 
ut  coDtinuous,  one  along 
demain  track  and  the  other 
«  Che  inner  lead  rail  of  the 
tmnout;  each  is  kinked 
iBghtly  to  protect  the  points 
•f  the  switch  rails  which 
m  placed  between  the  con- 
tinuous rails.  The  switch 
lukate  bent  and  {Janed  so 
flat  the  gage  side  of  the  head 
w&ht  straight  and  the  other 
sde  conform  to  a  given 
spmd  at  the  heel  and  Uiick* 
Den  at  the  point  without 
CDttins  away  the  web.  The 
CMDmittee  on  Track  of  the 
Kailwaj  Engineering  Asso- 
dalioii,  igiz,  recommends  a 
>)Head  of  6H  in.  between 
gage-lines,  a  throw  of  5  in. 
at  the  first  rod  and  a  thick- 
ness of  H  in.  at  the  point 
aUch  is  afterward  ground 
to  H  in.  and  the  top  corner 
rannded.  A  H-in.  reinforc-  - 
tnc  bar  is  riveted  to  the  web 
■1  eai±  side  and  carried  back 
■  fir  as  the  heel  connections 
^pennit.  The  bottom  of 
Be  switch  rail  is  planed  to 
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fit  on  base  of  stock  rail  wliere  bases  overlap,  Fig.  87a.  Stop  blocks 
are  used  as  shown,  Fig.  86,  to  support  the  free  portion  of  tiie  switch 
rtul  from  the  stock  rail  which  has  a  brace  at  each  tie.  The  support- 
ing plates  for   the  two  ruls  ate  planed  with  a  step  to  raise  the 


top  of  the  switch  rail  a  in.  to  provide  for  hollow  tires.     The  top 

of  the  switch  rail  is  planed  down  to  be  hi  in.  lower  than  the  stock 

rail  and  this  planing  tuns  out  or  rises  ^i  in.  in  the  following  distances: 

Length  of  switch  rail    •  LengCh  of  planing 


Pig.  86, — Open  track  point  switch. 


( 


The  committee  claims  that  when  the  corresponding  switch  ojiA 
exceeds  one~fourth  the  frog  angle,  the  switch  point  presents  Uu 
worst  feature  in  the  alinement  and  there  is  an  economic  loss  both  ii 
soace  occupied  and  in  cost  of  turnout.  On  this  basis  the  committe 
recommends  the  following  lengths  of  switch  points; 


OPEN  TRACK  SPECIAL  WORK 


Ita  ft.  foi  frogs  over  No.  6.  and  inclailiiw  No.  id 
aa  ft.  for  froga  over  No.  lo  and  including  No.  14 
33     ft.  for  frogs  ov«  No.  14 

.1  i —  « M_   ri  — i  .._j__  —^-^  required. 


!s  No.  6  uid  under 


Frogs  Nos.  8,  it  and  16  axe  lecommended  as  meeting  ail  general 
mjiuieiaents  for  yards,  main  track  switches  and  junctions,  with  the 
D^tct  of  eliminating  other  numbers  and  reduaug  the  stock  pile. 
lulengths  shonn  in  the  drawings  submitted  are  13^,  17;^  and 
14ft,  respectively,  for  the  three  numbers.    The  rails  are  all  bolted 


1                   [               1            Actual 

Theoretical 

i 

Point 

Point 
h«l 

Point 

H«! 

Toe 

^- 

f.H 

4  f> 

i:;*^' 

SM 

3     3» 

ft  ft 

J  K 

8  0 

andard  rigid  frog  for  open  track. 

OT  washers  for  spacers,  while  for  the 

'eted  to  a  plate. 

lithe  various  dimensions,  is  shown  by 

lain  line  work  where  there  is  but  little 
int  of  the  better  support  of  the  wheel 
the  ade  track,  the  spring  yields  to 
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RAILROAD  CROSSINGS  85 

is  the  use  of  steel  longitudinals  to  carry  the  rails  at  the  crossing, 
these  being  connected  to  form  a  unit  structure,  so  that  the  r^s  are 
maintained  permanently  in  proper  ]x>sition.  Such  a  steel  sub- 
structure  for  the  grade  crossing  between  the  Indiana  Union  Traction 
Company  and  the  two  parallel  main  tracks  of  the  Cleveland,  Cin- 
amati,  Chicago  &  St  Louis  RaUroad  at  Munde,  Ind.  is  described 
kthe  Engineering  News  (1913)  and  shown  in  Fig.  89.  This  cross- 
ly carries  a  heavy  daily  traffic  of  electric  cars  and  steam  trains. 

Each  rail. is  carried  on  a  longitudinal  of  two  6-in.  channels  16  in. 
^nrt,  with  flanges  outward,  connected  at  top  by  a  continuous 
ttby  Ma-in.  plate  and  at  the  bottom  by  straps  or  batten  plates 
|Vy  Me  in.  and  2  ft.  apart.  Both  ends  of  each  piece  are  closed  by 
il-in.  transverse  channel,  riveted  to  the  longitudinal  channels  by 
Airt  angles  or  bent  plates,  thus  forming  a  complete  box.  About 
J  weeks  before  this  substructure  was  installed,  each  longitudinal 
was  filled  with  concrete,  in  which  light  reinforcing  rciis  were 
imbedded.  The  rail  fastenings  consist  of  grooved  clips  fitted  to 
haks  in  the  cover  plates  of  the  longitudinals,  the  groove  embrac- 
hg  the  top  of  the  rail  flange  and  the  bottom  of  the  cover  plate, 
l^n  the  clip  is  driven  into  position  a  steel  key  is  fitted  behind 
lt,£IEng  the  hole  and  preventing  the  clip  from  working  loose. 
.  Uis  stated  (191 5)  that  the  crossing  is  in  good  condition  and  that 
Iktotal  maintenance  cost  for  2  years  has  been  but  $46.43. 

Hortable  Cross-over.  In  many  cases,  due  to  reconstruction 
vork  on  one  side  of  a  double  track,  or  to  enable  a  temporary  terminal 
to  be  established  on  a  double-track  line  to  meet  temporary  traffic 
omditions,  or  for  other  reasons,  it  is  desirable  to  install  a  temporary 
cross-over  between  the  two  tracks  of  the  double-track  line.  Such  a 
[  portable  cross-over  as  used  by  the  Detroit  United  Railway,  is  de- 
laibed  in  the  Electric  Railway  Journal,  1911,  and  shown  in  Fig.  90. 
He  cross-over  is  made  of  7-in.  "guaranteed*'  construction  with 
tBMiSs  at  each  end  of  70-lb.  rail.    It  is  put  together  with  iron  spac- 

iBglaais  with  a  shoulder  on  each  end  and  a  drive  key  on  the  outside 

flf  the  rail.     By  the  use  of  the  key  the  cross-over  can  be  put  together 

anef  taken  apart  in  a  very  short  time.     Flanged  shoes,  attached  to  the 

Bottom  of  the  rails,  hold  the  cross-over  at  its  proper  place  on  the 

'  tnck  and  are  also  used  for  sliding  the  cross-over  on  the  track  rails. 

As  the  cross-over  is  of  such  weight  that  it  cannot  be  pushed  by  a 

car,  it  is  not  necessary  to  fasten  it  to  the  track  in  any  manner.     The 

ooss-over  while  in  use  in  Detroit  has  been  moved  from  place  to  place 

on  lines  where  cars  are  operated  on  a  headway  of  i  minute  without 

dday  to  the  regular  cars.     The  cross-over  is  pulled  by  the  regular 

cars  on  Hues  where  these  cars  have  a  four-motor  equipment.     On 

fines  which  have  not  this  equipment  construction  cars  are  sent  out 

to  shift  the  cross-overs  when  necessary.   With  the  old  type  of  surface 

ceoss-over  it  was  found  that  the  expense  of  moving  from  one  location 

to  another  was  $8  for  labor  and  $4  for  material  and  repairs  to  the 

javement.     The  sliding  cross-over  is  moved  from  one  location  to 

Mother  for  a  total  expense  of  $2,  making  a  saving  in  each  movement 

il  lio.     The  total  'saving  due  to  the  introduction  of  this  type  of 

ver  on  the  Detroit  city  lines  is  estimated  at  about  $4000  per 
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year.  The  new  cross-over  has  been  found  to  be  more  reliable  than 
the  old  surface  form  and  less  of  a  disturbance  to  the  operation  of  cars. 
Derailments  from  its  use  are  unknown. 

A  later  type  of  this  cross-over  is  built  of  8o-lb.  A.S.C.E.  rail 
with  standard  angle  bar  joints.  The  frogs  are  of  solid  manganese 
type  and  the  tongue  and  mates  of  hard-center  manganese  con- 
struction. The  cjfoss-over  is  provided  with  rail  inserts  of  various 
lengths  to  accommodate  variations  in  distance  between  tracks. 

Deripling  Switches.    Derailing  switches  may  be  used  as  addi- 
tional safety  devices  in  connection  with  interlocking  plants  at  grade 
crossings,  at  the  ends  of  side  tracks  and  at  other  points  where  it  is 
imperative  that  cars  or  trains  do  not  pass  a  given  point  except  under 
certain  exact  conditions.     Under  favorable  conditions  cars  may  be 
expected  to  start  unaided  on  a  grade  of  about  Mo  of  i  i)er  cent.,  but 
wind  will  start  cars  down  an  easier  grade,  and  heavy  wind  may  start 
them  on  level  track.    The  setting  of  brakes  should  not  be  depended 
upon  to  hold  cars  that  are  left  alone;  consequently,  wherever  there  ; 
is  likelihood  that  cars  on  side  track  may  start  from  gravity  or  be 
blown  or  ea^sily  pushed,  the  only  safe  policy  is  to  provide  for  derail-  . 
ing  them  before  they  can  get  far  enough  to  obstruct  main  track.  . 
A  derailing  switch  may  consist  of  a  single  moving  rail  connected 
with  a  switch  stand,  although  sometimes  two  moving  rails  will  be  : 
used,  as  in  the  stub  switch.    The  rails  should  be  set  to  guide  the 
wheels  away  from  the  main  track.     Switch  points  for  derails  may  be 
made  more  blunt  than  those  commonly  used  in  turnouts,  but  for 
derails  in  side  tracks  old  point  rails  too  badly  worn  for  main  track 
service  may  be  used.     The  throw  of  the  switchpoint  should  be  such 
that  a  derailed  wheel  may  pass  between  the  point  and  stock  rails 
without  spreading  them  apart,  and  at  the  heel  of  the  point  rail  the 
nuts  of  the  splice  bolts  should  come  on  the  gage  side.    In  side 
tracks  much  used  the  derails  should  be  connected  with  the  maiii 
line  switch  or  switch  stand,  so  that  the  operation  of  closing  the 
switch  for  main  track  opens  the  derail,  and  vice  versa.    This  con- 
nection is  usually  made  by  means  of  throw  rods  and  bell  crank. 
There  are  also  various  special  forms  of  derailing  devices  other  than 
the  common  ones  mentioned  above.     Wherever  a  derail  is  used  on 
main  track  it  is  desirable  to  prevent,  as  far  as  possible,  the  ditching 
of  derailed  trains.    In  order  to  hold  the  wheels  to  the  ties  a  long 
guard  rail  should  be  laid  on  the  track  about  8  in.  from  the  oppo- 
site rail,  extending  from  a  point  in  advance  of  that  where  the  wheels 
are  derailed. 

Catch  Sidings.  For  stopping  runaway  cars  or  trains  on  heavy 
grades  without  derailing,  resort  is  sometimes  had  to  catch  sidings. 
Camp  gives  an  example  of  such  provision  as  found  on  the  Canadian 
Pacific  road  between  Hector  and  Field,  B.  C,  near  the  summit  in  the 
Rocky  Mountains,  where  there  is  a  g-mile  grade  of  4.4  per  cent. 
Along  this  grade  there  are  spur  tracks  or  "blind  sidings"  i  mile 
apart,  each  tended  by  a  switchman.  Each  spur  track  runs  up  into 
the  mountain  side  several  hundred  feet  on  a  very  steep  grade  which 
rises  in  the  direction  in  which  the  grade  of  the  main  track  falls. 
Normally  the  switches  are  all  set  for  the  side- track  and  are  not  closed . 
for  main  track  unless  called  for  by  whistle.     Hence,  if  a  train  or 
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detached  cars  get  beyond  control  and  come  down  the  grade  they  are 
diverted  to  a  heavy  up  grade  at  the  first  switch,  without  giving  any 
signal.  As  the  speed  at  which  the  runaway  cars  are  liable  to  enter 
such  a  siding  is  high  the  curvature  of  the  turnout  should  be  easy  and 
the  angle  of  the  switch  points  small.  Wherever  it  is  feasible  to  do  so, 
Itirould  be  well  to  have  the  switches  for  such  sidings  turn  from  the 
«i^de  of  a  curve  in  main  track.  This  arrangement  would  permit 
«f  easy  curvature  in  the  turnout,  or  perhaps  enable  the  turnout  to 
•buidi  off  at  a  tangent.  In  lieu  of  the  up-grade  arrangement  the 
tttch  siding  is  sometimes  buried  in  sand  to  the  depth  of  a  few  inches 
0m  the  rails.  Sand  tracks  are  more  common  in  Europe  than  in 
tts  country.  A  cross-sectional  view  of  a  sanded  catch  siding  in  use 
,:llDresd«i,  Saxony,  is  shown  in  Fig.  91.  The  rails  of  the  diverting 
tmk  are  laid  gauntlet  fashion,  on  the  same  ties  with  the  main  rails, 
aad  the  stretch  of  diverting  track  is  provided  at  both  ends  with  a 
fvitch  for  connecting  with  the  main  line.  Guard  timbers  or  angle 
JRHis  for  retaining  the  sand  are  placed  at  both  sides  of  each  rail  of 
the  siding,  which  gradually  dips  deeper  until  it  is  covered  by  2  or  3 
BL  of  sand.  The  arrangement  is  considered  very  efficient  for  the 
impose.  In  this  particular  instance  the  catch  siding  is  1640  ft., 
lODg  and  1 148  ft.  of  the  same  is  covered  with  sand.  In  very  dry 
weather  the  sand  is  kept  damp.  The  braking  effect  of  sand  sidings 
k&cussed  in  "Engineering"  (London,  England,  1897),  and  in  the 
ftletin  of  the  Intemation^  Railway  Congress  (1899).  The  Street 
iaflway  Journal  (1906)  gives  the  results  of  a  series  of  tests  on  a 
citdi  siding  as  installed  on  the  New  Jersey  &  Hudson  River  Ry. 
k  Ferry  Company*s  line,  where  the  catch  siding  is  located  on  a  7 
per  cent,  grade  and  the  approach  of  the  sand  track  for  a  distance 
of  1500  ft.  is  also  a  7  per  cent,  grade.  The  catch  siding  is  180 
ft  long.  The  car  used  in  making  the  test  was  one  of  the  cotn- 
lolly's  standard  closed  cars,  weighing  22  tons  and  equipped  with 
M,C.B.  trucks  and  33-in.  cast  wheels.  The  resiilts  of  the  tests 
%s  follows: 


No.  of 
test 

Speed 

M.P.H. 

entering 

sand 

track 

Depth  of  sand 
over  head  of  rail 

Distance 
car  ran 

Remarks 

No.  I 
No.  2 

No.  3 
No.  4 

14. S 
19. S 

15.0 
23.0 

2H  in. 
2^  in. 

80  ft.  of  H  in. 
40  ft.  ol  2^  in. 

80  ft.  of  I  in. 
100  ft.  of  2^  in. 

Soft. 
180  ft. 

120  ft. 
180  ft. 

Free  rolling. 

Front  truck  left  track 
when  leaving  sanded 
section,  after  slight  ap- 
plication of  air  brakes. 

Free  rolling. 

Brakes   set   and   wheels 
slid   on  last   40  ft.   of 
test,  leaving  a  coating 
of  sand  H  in.  on  rail. 

On  this  road  in  climbing  the  sides  of  the  Palisades,  the  tracks  take 
&^ag  course  up  the  face  of  the  cliff  and  ascend  at  an  average  grade 
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year.  The  new  cross-over  has  been  found  to  be  more  reliable  tb.a: 
the  old  surface  form  and  less  of  a  disturbance  to  the  operation  of  cars 
Derailments  from  its  use  are  unknown. 

A  later  type  of  this  cross-over  is  built  of  8o-lb.  A.S.C.E.  rai 
with  standard  angle  bar  joints.  The  frogs  are  of  solid  manganes 
type  and  the  tongue  and  mates  of  hard-center  manganese  con 
struction.  The  cifoss-over  is  provided  with  rail  inserts  of  variou 
lengths  to  accommodate  variations  in  distance  between  tracks. 

DenUling  Switches.    Derailing  switches  may  be  used  as  addi 
tional  safety  devices  in  connection  with  interlocking  plants  at  gradi 
crossings,  at  the  ends  of  side  tracks  and  at  other  points  where  it  ij 
imperative  that  cars  or  trains  do  not  pass  a  given  point  except  undei 
certain  exact  conditions.     Under  favorable  conditions  cars  may  1m 
expected  to  start  unaided  on  a  grade  of  about  fio  of  i  per  cent.,  bul 
wind  will  start  cars  down  an  easier  grade,  and  heavy  wind  may  start 
them  on  level  track.     The  setting  of  brakes  should  not  be  depended 
upon  to  hold  cars  that  are  left  alone;  consequently,  wherever  ther« 
is  likelihood  that  cars  on  side  track  may  start  from  gravity  or  be 
blown  or  ea'sily  pushed,  the  only  safe  policy  is  to  provide  for  derail- 
ing  them  before  they  can  get  far  enough  to  obstruct  main  track. 
A  derailing  switch  may  consist  of  a  single  moving  rail  connected 
with  a  switch  stand,  although  sometimes  two  moving  rails  will  be 
used,  as  in  the  stub  switch.    The  rails  should  be  set  to  guide  the 
wheels  away  from  the  main  track.     Switch  points- for  derails  may  be 
made  more  blunt  than  those  commonly  used  in  turnouts,  but  for 
derails  in  side  tracks  old  point  rails  too  badly  worn  for  main  track 
service  may  be  used.     The  throw  of  the  switchpoint  should  be  such 
that  a  derailed  wheel  may  pass  between  the  point  and  stock  rails 
without  spreading  them  apart,  and  at  the  heel  of  the  point  rail  the 
nuts  of  the  splice  bolts  should  come  on  the  gage  side.    In  side 
tracks  much  used  the  derails  should  be  connected  with  the  main 
line  switch  or  switch  stand,  so  that  the  operation  of  closing  the 
switch  for  main  track  opens  the  derail,  and  vice  versa.    This  con- 
nection is  usually  made  by  means  of  throw  rods  and  bell  crank. 
There  are  also  various  special  forms  of  derailing  devices  other  than 
the  common  ones  mentioned  above.     Wherever  a  derail  is  used  on 
main  track  it  is  desirable  to  prevent,  as  far  as  possible,  the  ditching 
of  derailed  trains.     In  order  to  hold  the  wheels  to  the  ties  a  long 
guard  rail  should  be  laid  on  the  track  about  8  in.  from  the  oppo- 
site rail,  extending  from  a  point  in  advance  of  that  where  the  wheels 
are  derailed. 

Catch  Sidings.  For  stopping  runaway  cars  or  trains  on  heavy 
grades  without  derailing,  resort  is  sometimes  had  to  catch  sidings. 
Camp  gives  an  example  of  such  provision  as  found  on  the  Canadian 
Pacific  road  between  Hector  and  Field,  B.  C,  near  the  summit  in  the 
Rocky  Mountains,  where  there  is  a  g-mile  grade  of  4.4  per  cent. 
Along  this  grade  there  are  spur  tracks  or  "blind  sidings  i  milei 
apart,  each  tended  by  a  switchman.  Each  spur  track  nms  up  into 
the  mountain  side  several  hundred  feet  on  a  very  steep  grade  which 
rises  in  the  direction  in  which  the  grade  of  the  mam  track  falls. 
Normally  the  switches  are  all  set  for  the  side-track  and  are  not  dosed« 
for  main  track  unless  called  for  by  whistle.     Hence,  if  a  train  or 
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detached  cars  get  beyond  control  and  come  down  tlie  grade  they  are 
diverted  to  a  heavy  up  grade  at  the  first  switch,  without  giving  any 
signaL     As  the  speed  at  which  the  runaway  cars  are  liable  to  enter 
sach  a  siding  is  high  the  curvature  of  the  turnout  should  be  easy  and 
Uie  angle  of  the  switch  points  small.     Wherever  it  is  feasible  to  do  so, 
it  would  be  well  to  have  the  switches  for  such  sidings  turn  from  the 
flvtade  of  a  curve  in  main  track.    This  arrangement  would  permit 
iif  easy  curvature  in  the  turnout,  or  perhaps  enable  the  turnout  to 
•Imch  off  at  a  tangent.    In  lieu  of  the  up-grade  arrangement  the 
mch  siding  is  sometimes  buried  in  sand  to  the  depth  of  a  few  inches 
mee  the  rails«     Sand  tracks  are  more  common  m  Europe  than  in 
fte  country.     A  cross-sectional  view  of  a  sanded  catch  siding  in  use 
^HDresden,  Saxony,  is  shown  in  Fig.  91.     The  rails  of  the  diverting 
totk  are  laid  gauntlet  fashion,  on  the  same  ties  with  the  main  rails, 
Md  the  stretch  of  diverting  track  is  provided  at  both  ends  with  a 
liiitch  for  connecting  with  the  main  line.     Guard  timbers  or  angle 
imis  for  retaining  the  sand  are  placed  at  both  sides  of  each  rail  of 
^  siding,  which  gradually  dips  deeper  until  it  is  covered  by  2  or  3 
h,  of  sand.     The  arrangement  is  considered  very  efficient  for  the 
piDpose.     In  this  particular  instance  the  catch  siding  is  1640  ft., 
ing  and  1 1 48  ft.  of  the  same  is  covered  with  sand.     In  very  dry 
leather  the  sand  is  kept  damp.     The  braking  effect  of  sand  sidings 
discussed  in  ''Engineering"  (London,  England,  1897),  and  in  the 
Metin  of  the  Internation^  Railway  Congress  (1899).    The  Street 
lEiilway  Journal  (1906)  gives  the  results  of  a  series  of  tests  on  a 
catch  siding  as  installed  on  the  New  Jersey  &  Hudson  River  Ry. 
k  Ferry  Company's  line,  where  the  catch  siding  is  located  on  a  7 
per  cent,  grade  and  the  approach  of  the  sand  track  for  a  distance 
of  1500  ft.  is  also  a  7  per  cent,  grade.     The  catch  siding  is  180 
ft  long.     The  car  used  in  making  the  test  was  one  of  the  com- 
pany's standard  closed  cars,  weighing  22  tons  and  equipped  with 
1C.C.B.  trucks  and  33-in.  cast  wheels.    The  results  of  the  tests 
^WK  as  follows: 


Speed 

No.  of 
test 

M.P.H. 

entering 
sand 
track 

Depth  of  sand 
over  head  of  rail 

Distance 
car  ran 

Remarks 

No.  I 

14. S 

2H  in. 

Soft. 

Free  rolling. 

No.  2 

19. S 

2Hin. 

180  ft. 

Front  truck  left  track 
when  leaving  sanded 
section,  after  slight  ap- 
plication of  air  brakes. 

No.  3 

15.0 

80  ft.  of  ^  in. 
40  ft.  of  2H  in. 

120  ft. 

Free  rolling. 

No.  4 

23.0 

80  ft.  of  I  in. 
100  ft.  of  2H  in. 

180  ft. 

Brakes  set  and  wheels 
slid  on  last  40  ft.  of 
test,  leaving  a  coating 
of  sand  H  in.  on  rail. 

On  this  road  in  climbing  the  sides  of  the  Palisades,  the  tracks  take 
Aligzs^  course  up  the  face  of  the  cliff  and  ascend  at  an  average  grade 
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where  the  traffic  is  unimportant  or  tiie  headway  infrequent 
and  sometimes  inside  of  carhouses.  In  standard  T-rail  work:  oj 
private  rights-of-way  where  steam  railroad  practice  can  be  foUo^wei 
the  ordinary  frogs  and  split  switches  should  be  used  for  the  sake  o 
economy.  However,  where  traffic  on  such  lines  is  very  hea.\ry 
manganese  steel  frogs  of  eiUier  the  soHd  or  rail-bound  t3^e  and  sfiH 
switches  with  manganese  steel  points  should  be  used.  If  the  wlieeL 
on  such  roads  have  a  narrow  tread,  provision  must  be  made  foj 


n 


-rw 


I 
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Fig.  82. — Portion   of   layout    using    186    standard    switches   and    mates. 

flange  bearings  in  frogs  and  crossings,  thereby  distinguishing  the 
work  from  the  regular  style  of  steam  railroad  work.  In  the  ordi- 
nary bolted  frogs  and  in  the  fixed  line  of  spring  frogs  this  is  usually 
done  by  making  the  filler  between  the  rails  of  steel  and  carrying  it 
up  to  the  necessary  height  of  the  groove. 

Dim^sions  of  Switch  Tongues,  Mates  and  Frogs.    Fig.  80  shows 
loo-ft.  inside  radius  switch  pieces  with  joints  broken,  and  a  table 


No.  of 

Frog 

Angle 

.  Arm 

Length  G 

,  Arm 
Length  H 

No.  4 

14-15' 

S'-Qff 

4'-0" 

No.  5 

11-25' 

5'-6" 

4'-0" 

No.  6 

9-32' 

6'-6" 

5-0" 

No.  8 

7^-9' 

8'-0" 

5'-6" 

Iiaagthf  reviM 

)d  8«pt.8»  1910 

Pig.  83. — Dimensions  of  Am.  El.  Ry.  Eng.  Assn.  frogs. 

(Fig.  81)  gives  the  guiding  dimensions  of  switches  of  different 
radii  as  recommended  by  the  Am.  El.  Ry.  Eng.  Assn.  It 
appears  that  a  loo-ft.  radius  switch  is  satisfactory  for  many  urban 
roads  and  its  possibilities  are  shown  in  Fig.  82,  which  is  a  portion  of 
one  layout,  in  which,  under  many  conditions,  186  standard  switches 
and  mates  are  utilized.  Another  table  (Fig.  83)  gives  a  list  of 
A.E.R.E.A.  recommended  frogs  for  turnout^  and  cros&overs,  desig- 
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Biting  the  frogs  by  numbers  foUovring  steam  road  practice,  in  whidi 
thefrognumberistbe  ratio  of 
the  length  from  the  theoret- 
ical point  to  the  heel  to  the 
pread  between  the  gage-linea 

;»tlhebeel(Fig,88>.    Fig.84 

I  ifcovs  a  loo-f  t.  radius  switch 

I  irolied  to  make  up  a  stand- 

I  m  CToss-over.     It  is  inter- 

j  eting  to  note  that  from  the 

j  w«ds  of  one  erf  the  large 
"umfacturers    it    is  shown 

.  aa  over   half    of  aU   the  ^ 

witches  ordered  were  of  100-  g 

ft.  iidius,   also    that    very  | 

Itw  of   the    street  railway  I 

rarapanies     favored     spiral  S 

siriidies.  "H 

Open  Track  Polat  Smtch.  | 

h  shown   in    Fig.   86,   the  | 

vser  rails  of   the  track  as  -  ■ 

*ni  in  fadng   the   turnout  * 

«  continuous,    one   aloi^  5 

lam^  track  and  the  other  '£ 

»  the  inner  lead  rail  of  the  g 

■Mmut;    each     is     kinked  J 

%dy  to  protect  the  points  g 

oi  the    switch    rwia   which  j 

m  placed  between  the  con-  1 

tmiious  raiis.       The  switch  S 

«ilsMe  bent  and  planed  so  % 

Uiatihe  gage  side  of  the  head  9 

"™hestraight  and  the  other  "I 

™'  conform     to    a   given  J 

spread  at  the  heel  and  thick-  "I 

*ss  at  the    point   without  < 

n"ting  away  the  web.     The  L 

Committee  on  Track  of  the  J 

Riilway  Engineering  Asso-  j 

°iOoa,  1911,  recommends  a  £ 

'Ptad  of  6m  in.  between 
K»ee-liaea,  a  throw  of  5  in. 
*'  the  fir^t  rod  and  a  thick- 
'"^  of  M  in.  at  the  point 
"uch  is  afterward  ground 
to  « in.  and  the  top  comer 
«randed  A  M-in.  reinforc- 
"*  bar  is  riveted  to  the  web 
w  each  side  and  carried  back 
"farastheheelconnecUons 
"Wpemiit,  The  bottom  of 
"t  switch  tail  is  planed  to 
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tion  in  which  he  finds  it,  he  coasts  xiadfx  this  section.  Referrj 
to  Pig.  log,  the  switch  connecting  rod,  S,  is  shown  as  thrown  to  I 
right.  If  the  power  be  used  as  a  car  passes  over  the  trolley  secti 
C,  the  path  of  the  current  is  from  trolley  at  B,  through  solenoi 
E  and  D  to  trolley  section  C,  thence  through  trolley  wheel  to  ( 
equipment  and  ground.  Slide  Jf  is  in  its  extreme  right  positic 
covering  the  opening  above  solenoid  E  and  rnechanicaUy  prevent! 
the  plunger  of  solenoid  E  from  rising.  Solenoid  D,  however,  li 
its  plunger  which  carries  a  circuit  closer  between  contacts  G  and 


Pio.  109. — Squiera  electric  track  switch. 

so  that  a  drcuit  is  established  from  trolley  at  B,  through  a  fuse  I 
G  and  F  and  thence  through  track  solenoids  K  and  /  to  groun 
and  the  track  solenoid  plunger  with  its  switch  connecting  rod 
is  pulled  to  the  left,  throwing  the  switch  in  that  direction.  As  tl 
plunger  of  solenoid  D  rises,  its  brass  push  rod  hits  the  left  end  < 
rocker  arm  J^  around  its  center  P  until  the  slot  at  the  bottom  striki 
the  pin  on  the  slide  it  and  moves  the  slide  to  the  left,  but  not  b 
enough  to  uncover  the  opening  above  solenoid  E,  as  the  slide  j 
stopped  in  its  movement  to  the  left  by  the  brass  push  rod  which' 
projecting  through  the  opening  above  solenoid  D.  The  rocker  an 
N  has  rotated  far  enough  in  a  clockwise  direction,  however,  so  thi 
the  pin  R  has  passed  the  peak  of  the  inverted  V  at  the  end  of  sprir 
O.    After  current  has  ceased  to  flow  in  the  main  drcuit  throug 
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•conoids  D  and  £,  the  plunger  of  D  drops,  with  its  push  rod,  allow- 
ing the  spring  O  to  complete  the  movement  of  the  rocker  arm  and 
dide  M  to  the  left,  covering  the  opening  over  solenoid  D  and  un- 
\  covering  that  over  solenoid  E,  In  the  next  succeeding  operation 
ol  the  apparatus,  then,  the  plunger  of  solenoid  D  is  kept  down  by 
He  slide  if,  and  solenoid  E  raises  its  plunger,  completing  the  oper- 
Wng  circuit  from  G  to  H  and  through  track  solenoids  /  and  /, 
throwing  the  track  switch  to  the  right.  Solenoids  D  and  E  are  so 
designed  that  current  for  the  lights,  heaters  and  air  compressor 
motor  of  one  car  is  not  sufficient  to  raise  the  plunger,  so  that  if  a 
or  coasts  under  trolley  section  C,  the  track  switch  is  not  moved. 
^  The  American  or  Collins  electric  track  switch  also  makes  use  of 
fack  solenoids  which  are  energized  directly  from  a  line  contactor 
iriiidi  has  an  aluminum  main  frame  with  a  bronze  lever  for  the 
troHey  wheel  to  run  on.  The  lever  is  pivoted  at  the  entenng  end 
of  the  contactor  and  the  entering  end  of  the  lever  b  insulated  both 
from  the  main  frame  and  from  the  leaving  half  of  the  lever,  which  is 
connected  with  a  contact  trigger  which  is  always  alive.  When  a 
car  passes  vmder  the  contactor  the  trolley  wheel  leaves  the  trolley 
vire  and  runs  on  the  imder  side  of  the  pivoted  lever  which  is  pressed 
ipvard  by  the  pressure  of  the  trolley  wheel,  causing  the  contact 
to^r  to  faU  on  one  contact  piece  if  the  car  current  is  o£F  and  on 
Ibc^er  if  the  car  current  is  on,  the  selection  being  controlled  by  a 
glenoid  which  is  in  series  between  the  insulated  and  uninsulated 
portions  of  the  contact  lever.  A  later  type  of  the  Collins  switch 
K  operated  by  a  small  motor  instead  of  oy  solenoids  and  has  an 
iau^iocking  device  to  prevent  a  foU  owing  car  from  operating  the 
tvitch  until  the  first  car  has  passed  over  it. 


SECTION  n 

BUILDINGS 

While  it  is  not  possible  within  the  limits  of  this  volume  to  go  into 
my  great  detail  on  the  matter  of  buildings,  it  has  been  thought 
desiiable  to  include  some  notes  on  the  design,  particularly  of  car 
bouses,  from  typical  structures  and  from  the  reports  of  the  Am. 
H.  Ry.  Eng.  Assn.  committees  on  Car  House  Design  (1908)  and 
01  Buildings  and  Structures  (191 1),  as  well  as  some  notes  on  the 
layout  of  me  repair  shop  which  appeared  in  the  Electric  Railway 
Journal,  19 12. 

Layout  of  Tracks  for  Car  House 

Gnule  of  Tracks.  The  grade  of  tracks  in  the  car  house  should  be 
nmewhat  above  that  of  the  tracks  in  the  street  to  prevent  the 
atrance  of  water  into  the  house. 

^  Convenience  of  Operating.  In  an  operating  car  house  the  sav- 
&|of  time  is  of  paramount  importance,  and  the  special  work  should 
Vex)  planned  that  the  incoming  and  outgoing  cars  will  not  interfere 
nil  each  other,  and  the  tracks  should  be  constructed  in  the  best 
oanner.  In  a  storage  house  inconvenience  and  loss  of  time  ma^  be 
tolerated,  and  here,  for  the  sake  of  safety  on  the  main  line,  trailing 
switches  are  preferred  by  many  roads. 

Car-house  Track  Layouts.    Figs,  i  to  12,  inclusive,  illustrate 
special  work  designed  to  meet  certain  conditions.     Where  conven- 
ient to  have  it,  a  Y  incorporated  in  the  special  work  will  permit 
tlie  operation  of  cars  from  one  end,  as  is  necessary  with  cars  of 
some  designs  and  is  convenient  when  operating  service  and  other 
care  in  tandem.     This  same  object  can  be  attained  by  a  loop,  which 
is  more  convenient  but  not  always  feasible,  owing  to  a  lack  of  room. 
i%.  I  shows  a  track  layout  where  the  car  house  is  built  on  the  street 
fine  and  it  is  desirable  to  introduce  as  few  frogs  and  switches  in 
the  main  line  as  possible.    The  three-track  bay  arrangement  is 
objectionable  on  accoimt  of  the  roof  span,  which  would  require 
trussing.    Fig.  2  shows  a  track  layout  which  will  permit  frequent 
operating  on  one  of  a  pair  of  tracks:    Operating  on  the  other  track 
requires  the  use  of  a  cross-over  in  the  street.     Fig.  3  shows  a  layout 
lor  an  operating  house  which  introduces  a  minimum  amount  of 
special  work  in  the  street.     Fig.  4  shows  a  gauntlet  track  layout 
Mside  the  main  track  to  minimize  frogs  and  switches  in  the  main 
track.    Fig.  5  shows  a  similar  layout  to  Fig.  2  except  that  the  oper- 
iting  tracks  are  on  the  right-hand  side  of  the  house.     Fig.  6  shows 
a  layout  for  a  house  on  a  through  line  operating  in  either  direction. 
.The  Y  is  formed  by  a  cross-over  on  the  two  center  tracks.     Fig.  7 
lAows  a  large  operating  house  which  calls  for  a  long,  narrow  track 
bpproach.    The  Y  is  formed  at  the  entrance  to  the  street.     Fig.  8 
Pwws  a  track  layout  for  a  storage  house  which  is  built  well  back 
I  mm  the  street.    Fig.  9  shows  a  third  track  approach  to  a  car  house, 
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house  [or  a  trailer  or  for  inspection  at  the  end  of  the  day.  Tliig 
arrangement  also  makes  it  possible  simultaneously  to  couple  ■ 
half  dozen  trailers  to  as  many  motor  cais  on  as  many  tracks  witbout 


LI  house,  Fhiladelph; 


having  one  crew  get  in  the  way  of  another.  It  is  the  intention  to 
store  many  trailers  here  between  the  morning  and  eveaing  rudk 
hours,  thus  saving  the  dead  mileage  to  thnr  regular  car  houses  at 


-^ 1    f 

:s  St.  Terminal,  Pittsburgh  Ryi. 


•Mm  during  freezing  weather.  In  this  connection,  it  should  be 
**«d  that  ice  should  be  melted  from  incoming  cars  in  time  for  over- 
"WKng.  An  exposed  ladder  track  will  require  a  door  for  each 
wjd  or  group  of  tracks  entering  the  car  house  from  the  ladder  track, 
J*™*  a  covered  ladder  track  will  require  only  one  door  at  the  en- 
"Mct  For  this  reason,  the  necessary  temperature  will  be  more 
IJWy  maintained  with  a  covered  ladder  track.  A  covered  ladder 
P^  requires  the  expense  ot  extra  wall  and  roof,  but  its  trolley 
|*t  lonstniction  may  be  simpler  and  inore  duriUjle  than  that  for 
nwd  special  work. 
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Clearances.  Frequent  accidents  have  shown  the  necessity  oC 
establishing  proper  clearances  between  cars  and  between  cars  aiidi 
posts,  walls  and  other  fixed  portions  of  the  building.  The  minimuiift 
clearance  should  be  2  ft.;  on  curves  it  is  well  to  increase  tliis  on 
account  of  the  constantly  increasing  size  of  cars. 

Spacing  of  Tracks.     Clearances  also  determine  the   minimum. 
spacing  of  tracks.     Eleven  feet  center  to  center  is  satisfactory  fat 
a  storage  house,  with  2  ft.  additional  if  posts  occur  between  tracksi 
This  spacing  will  also  do  for  inspection  section  of  pit  room  in  am 
operating  house,  but  where  a  great  amount  of  work  is  to  be  done  it  U , 
desirable  to  increase  this  distance. 

Transfer-ways.    In  closely  populated  districts  where  it  is  no| 
feasible  to  have  all  tracks  entering  ones,  it  is  necessary  to  install  n ' 
transfer-table.    This  is  equally  necessary  in  a  house  from  ytM^ 
a  large  number  of  cars  are  operated,  and  where  there  is  constant 
shifting  from  closed  to  open  cars  and  vice  versa.     For  convenience, 
it  should  be  located  centrally.    Its  position  inside  the   building, 
however,  if  it  passes  through  party  walls  (even  though  fire  doors 
be  used  in  the  openings)  adds  to  the  fire  risk  and  is  likely  to  affect 
the  insurance  rates.     For  this  reason  it  is  sometimes  advocated 
that  the  table  be  placed  outside  the  building  and  at  the  rear.      When 
so  placed,  however,  it  requires  the  passing  of  cars  through  the  pit 
room  when  being  shifted  and  oftentimes  requires  the  moving  of  a::, 
large  number  of  cars — more  than  if  placed  near  the  center  of  tbe'^ 
building.    The  objection  that  a  transfer- table  within  the  house,! 
causes  a  loss  of  storage  space  can  be  answered  by  the  recominenda-:i'i 
tion  of  a  flush  transfer- table. 

Cross-overs.    While  generally  desirable  to  omit  all  special  ^work  : 
within  the  house,  on  certain  types  of  layout  cross-overs  are  neces-  • 
sary  within  the  building  for  the  convenience  of  operation.     A  right-  • 
hand  cross-over  is  preferred  to  a  left-hand  one  as  being  the  more 
convenient.  ^  ^ 

Design  of  Car -house  Building 

Convenience  of  Operation  and  Working.    For  the  convenience  of  \ 
operation  and  working,  the  operating  force  should  be  placed  at  the 
front  of  the  building.    The  starter,  or  whoever  has  charge,  should  be 
placed  where  he  can  see  all  incoming  and  outgoing  cars;  he  should  be 
in  close  touch  with  the  lobby,  in  order  to  call  the  men  assigned  ta 
duty,  and  to  preserve  discipUne  among  the  men.    The  superintend- . 
ent,  or  any  other  official  interested  in  the  operation  of  the  cars, 
having  quarters  at  the  car  house,  should  be  placed  in  an  equally 
advantageous  position.    That  portion  to  be  set  apart  for  forking  ^ 
and  repairs  should  be  placed  far  enough  back  in  the  house  to  pre>  ^ 
vent  interference  from  shifting  cars. 

Quarters  Other  than  Operating.    Besides  the  quarters  for  operat- 
ing and  repair  forces,  which  are  found  connected  with  almost  all  car  ,, 
houses,  some  roads  desire  to  provide  quarters  for  such  departments  4 
as  machine  shop,  blacksmith  shop,  paint  shop  and  road  and  line  '- 
departments.    If  a  power  station  or  substation  is  to  be  located  oiki 
the  premises  it  is  better  to  have  it  in  a  separate  building  from  the! 
car  house.     Some  substations,  however,  are  built  as  part  of  the  car, 
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bouse,  but  they  are 
of  fireproof  material. 
It  is  sometimes  found 
necessary  to  provide  a 

stable  under  the  same 
roof  as  the  car  house, 
but  in  such  a  case  it 
should  be  shut  off  from 
the  car  house  by  fire 
walls,  and  the  penetra- 
tion of  odors  and  am- 
monia to  the  storage 
portion  should  be  pre- 
vented.    Where  oper- 
a  a  ting   houses   are  lo- 
^  cated  away  from  popu- 
I  bus  centers  it  is  often 
s  desirable  for  the  road 
S  to  provide  some  place 
g   (a  separate    building 
"  onaccountoEfirerisk) 
^  for  employees   to  ob- 

■o  other  parties  in  pro- 
d  viding  accommoda- 
U  tiona  of  this  kind.     In 
J  similarlocationsquar- 
1^   ters   for   sleeping  are 
u  also  desirable  for  men 
g   who  have  to  be  held 
0   for  work   on  snow  or 
^   night    duty.      These 
:5  quarters   may  be   lo- 
S  cated  in  the  car  house. 
I.  Fig.  IS  shows  the  lay- 
"  outof  theMiddletown 
^  car  house  and  shop  of 
£  the    Connecticut  Co. 
The  offices  and  shops 
are  arranged  along  one 
side   of  the  building. 
The    first     room     to 
which  entrance  is  ob' 
tained  is  that  for  the 
conductors  and  motor- 
men,  where  lockers,  a 
drinking  fountain  and 
other  conveniences  are 
installed.      Following 
this  are  the  toilets,  the 
master  mechanic's  of- 
fice,    storeroom,     oil 
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room,  salt  and  sand  room,  pump  room,  wheel  room,  blacksrEutl 
shop,  machine  shop,  coal  storage  and  boiler  room. 

Effe  Protection.  The  importance  of  providing  fire  protect ioi 
should  not  be  underrated,  and  at  no  time  should  it  be  forgotten 
In  selecting  the  location  for  the  house,  proximity  to  buildings  o 
inflammable  material  or  having  contents  that  burn  easily  slioulc 
be  avoided.  Car  houses  should  also  be  located  where  a  good  hy- 
drant service  is  obtainable,  and  as  near  to  a  fire  station  as  f>ossible 
If  this  is  not  done  a  private  service  with  ample  supply  of  iv^atei 
must  be  installed.  Provision  must  also  be  made  for  a  secondary  sup- 
ply of  water,  either  in  reservoirs  under  floor,  or  in  elevated  tanks. 

Fire  Prevention.  No  road  should  expose  more  than  a  cer- 
tain per  cent,  of  its  rolling  stock  to  the  risk  of  destruction  by  any 
one  fire,  as  the  loss  of  cars  means  the  loss  of  revenue.  l5ivide 
the  house  by  party  and  curtain  walls  where  it  is  practicable  to  do 
so  without  interfering  with  the  operation  of  cars  or  increasing  the 
cost  of  the  building  to.  a  prohibitive  extent.  The  omission  where 
possible  of  combustible  material  is  recommended,  especially  below 
the  grade  of  top  of  rails.  Its  use  should  be  avoided  on  outside  waits 
and  cornice  work.  Sheathing  partitions  insidje  are  undesirable, 
and  floors  and  roof,  if  they  are  to  be  of  wood,  should  be  mill  con- 
struction, with  heavy  timbers  and  planking. 

In  the  construction  of  a  car  house,  corners  and  recesses  ivhere 
rubbish  would  tend  to  accumulate  should  be  avoided.  Special 
care  should  be  taken  to  avoid  the  accumulation  of  oily  waste  and 
rags.  Fireproof  receptacles  should  be  provided  for  such  material 
and  they  should  be  regularly  and  frequently  emptied.  Ample 
light  and  cleanliness  will  aid  greatly  in  reducing  the  possibility  of 
fire  to  a  minimum. 

Insurance  Regulations.  It  is  recommended  that  the  designer 
familiarize  himself  with  the  regulation  of  the  fire  underwriters  and 
adopt  their  suggestions  as  far  as  practicable.  Insurance  require- 
ments are  important  factors  in  determining  many  details  of  con- 
struction, and  a  consultation  with  the  underwriters  when  plan- 
ning may  save  many  expensive  changes.  The  underwriters  stipu- 
late that  no  section  of  the  house  shall  contain  more  cars  than 
amount  to  the  value  of  $200,000. 

Automatic  sprinklers  are  to  be  preferred  as  the  best  possible  fire 
protection  in  enclosed  places  where  the  sprinklers  will  be  opened  by 
the  heat  of  the  fire.  The  very  fire  itself  which  is  sought  to  be  ex- 
tinguished sets  in  operation  the  influence  which  extinguishes  it,  at 
the  particular  spot  where  the  fire  is  and  at  no  other,  and  entirely 
independent  of  human  action.  This  applies  to  all  buildings  what- 
soever. There  should  always  be  two  sources  of  water  supply,  and 
any  two  of  the  following  methods  can  be  adopted:  city  water  with 
adequate  pressure;  elevated  tank;  pressure  tank;  underwriter  fire 
pumps. 

Auxiliary  Protection.  Sand  pails,  chemical  extinguishers  and 
water  pails  should  also  be  provided.  Small  hose  lines  are  advisable 
for  reaching  sparks  and  flames  in  places  not  reached  by  water  from 
the  sprinklers.  Inside  hose  reels  should  be  placed  in  glazed  boxes  to 
prevent  them  from  injury  and  ordinary  deterioration. 
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Outside  Pntec&io._  For  open  spaces,  including  yards,  automatic 
sprinklers  are  not  available,  since  the  heat  will  not  operate  to  open 
the  sprinklers.  For  such  places  the  available  methods  of  protection 
lie:  (a)  Universal  nozzles  on  standpipes;  (b)  standard  fire  hose  and 
loide;  (c)  opea  sprinklers  sel  in  operation  by  human  agency. 

Universal  nozzles  on  standpipes  are  the  best  protection.  There  is 
■D  possibility  of  delay  during  a  serious  fire  through  the  bursting  of 
kne  occasioned  by  kinks,  or  momentary  excessive  water  pressure, 
-«r  by  the  accidental  cuttmg  of  the  hose  by  the  running  of  the  cars 
wer  it  ia  trying  to  remove  them    from  car  yards.     The   nozzle 


Pio.  i6.— 


ion.  Light  &  P 


ihould  not  be  less  than  rW  in.  or  more  than  iM  in.,  if  the  water 
ly  and  pressure  can  be  had.  Since  the  operator  cannot  move 
nozziea  bodily  to  the  place  of  the  fire,  the  range  of  the  nozzle 
should  not  be  more  than  loo  ft.  in  order  to  secure  the  greatest  degree 
tt  efficiency,  which  distance  will  necessitate  as  high  a  pressure  as 
»a  be  safely  maintained.  High  water  pressure  is  advisable  for 
Mk  further  reason  that  the  operator  may  be  at  a.  safe  distance  and 
^ill  place  water  upon  the  fire.  Intense  heat  may  prevent  theopera- 
fcom  placing  water  upon  the  spot  desired  If  the  water  pressure 
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is  tc>o  low.     This  condition  applies  to  nozzles  on  hose  as  well. 
The  universal  nozzle  should  be  located  at  a  height  of  from  lo  to  13    ', 
ft.  above  the  tops  of  cars.     The  pressure  at  the  nozzle  should  be  100    j 
lb.  if  possible.     For  this  pressure  the  discharije  for  iM-in.and  iw-in., 
ijl-in.  and  a-in.  nozzles  will  be,  respectively,  466, 671,  904  and  1194    j 
gal.  pet  min.     It  is  beUeved  that  the  effective  way  to  extinguish    j 
a  fire,  especially  one  which  has  gained  much  headway,  is  to  concen- 
trate one  or  more  heavy  streams  of  water  upon  one  particular  car  in 
the  yard  and  maintain,  it  there  uatil  its  effect  is  shown.     This  can  ■ 
be  readily  accompUshed  with   a  standpipe  and  universal   nozzle. 
Pumps  should  be  provided  to  supply  at  least  two  nozzles  at  one 
time.     Nozzles  should  be  located  so  that  their  range   circles  will 
overlap  safely.     Universal  nozzles  are  the  best  protection  for  practi- 
cal installations  where  cost  is  considered;  they  are  cert^nly  to  be 


Pic.  17.— Bun  for  sunOplpea^  Cleveland  Rys. 

preferred  over  standard  hose  and  nozzle  in  yards  where  cars  are 
stored.  Universal  nozzles  should  be  supplemented  by  small  hose 
and  nozzle  for  getting  at  sparks  and  flames  not  accessible  to  the 
stream  of  the  univei^  nozzle,  also  by  water  pails  and  chemical 
extinguishers. 

Fig.  16  gives  the  details  of  such  a  water  tower  as  installed  in  the 
yards  of  the  Puget  Sound  Traction  Light  &  Power  Co.  The  towers 
are  connected  to  the  city  water  main  by  a  6-in,  supply  hne.  and  each 
system  is  equipped  wdth  a  steamer  connection  for  the  use  of  the  dty 
&re  department.  In  order  to  cover  the  yards  thoroughly,  the 
towers  were  spaced  so  that  any  car  could  be  reached  by  at  least  two 
streams.  Tests  show  that  where  the  static  pressure  is  only  6s  Ib'i 
the  nozzle  pressure  is  47  lb.  and  the  discharge  as5  gal.  per  minute. 
With  a  static  pressure  of  125  lb.,  the  nozzle  pressure  is  6S  lb.  and 


FIRE  PROTECTION  107 

<lischaige  350  gal.  per  minute.     Thus  a  car  can  be  flooded  with 
at  the  rate  of  400  gal.  or  500  gal.  per  minute,  making  it  almost 
able  for  fire  to  spread  to  neighboring  cars. 
A  proposed  layout  for  car-yard  protection  of  the  Cleveland  (Ohio) 

Iway  is  shown  in  Fig.  17.     The  yard  is  750  ft.  long  X  454  ft. 

including  car-inspection  structure,  offices  and  utilities  build- 

The  18  standpipes  are  located  around  the  yard  at  inter- 

»fl(poft.    The  standpipe  nozzle  tips  are  ij^  in.  in  diameter  and 

iiDpply  mains  are  of  8-in.  and  6-in.  diameter.     Two  hydrants  are 

installed  to  reinforce  the  interior  sprinkler  protection  of  buiy- 

The  water  supply  is  forced  through  the  mains  by  a  750-gal. 

"ly  driven  underwriters'  pump  of  centrifugal  t)T)e,  taking 

from  a  75,000  gal.  reservoir  maintained  on  the  premises. 

maximum  pressure  the  fire  pump  will  deliver  1000  gal.  of 

per  minute,  which  can  be  concentrated  on  any  one  car  in 

yard.    The  installation  cost  of  protection  for  the  ultimate 

"ityof  175  cars  will  be  about  $20,000. 
idard  fire  hose  and  nozzles  are  the  next  best  available  pro- 

Jn.    Hose  should  be  2H  in.  for  ordinary  cases.     Nozzles  should 
isotless  than  iH  in.     Pressure  should  not  be  too  great,  because 

who  are  not  professional  firemen  cannot  handle  the  nozzle 

jreat  pressure.     Pressure  at  nozzle  should  probably  be  40  lb. 

> 

sprinklers  operated  by  human  agency  are  probably  a  very 
ive  means  for  checking  an  early  fire,  and  perhaps  for  extinguish- 
4  fire  which  has  gained  more  or  less  headway,  but  the  cost 

to  be  too  great  for  general  use,  although  for  small  installa- 
5,  where  the  sections  are  not  large  and  where  the  controlling 
Hves  can  be  operated  by  hand  the  cost  may  warrant  the  use. 

Details  of  Car-House  Design 

^0  deign  the  most  economical  car-house  building  for  a  particular 
s'ma  particular  location  the  designer  must  be  able  to  design 
'*verai  types  of  construction  in  detail  and  he  must  be  able  to 
ite  the  costs  of  the  materials  and  labor  necessary  for  the 
!»ed  structure.  The  general  determination  of  this  most  econom- 
jiesign  of  car  house  consists  in  a  determination  of  the  most  eco- 
ical  foundation,  wall,  form  of  roof  and  form  of  skylight.  These 
ividual  parts  must  finally  be  considered  with  regard  to  their 
')le  rdationship  to  each  other.  Among  the  general  decisions 
must  be  made  at  the  outset  by  the  designer  are:  Shall  the 
_  be  short  and  wide  or  long  and  narrow?  Shall  two-,  three- 
four-track  imits  be  used?  Shall  the  foundation  be  of  stone, 
or  concrete?  Shall  the  walls  be  of  brick,  terra-cotta,  concrete 
5,  iron  or  concrete?  Shall  the  roof  framing  be  of  wood,  un- 
:ted  steel,  protected  steel,  reinforced  concrete  or  a  combina- 
of  these?  These  must  finally  be  decided  with  regard  to  their 
*>le  relationship  to  each  other.  At  the  outset  the  designer 
d  acquaint  himself  with  the  following:  municipal  regulations 
ibuilding  ordinances,  ndes  and  requirements  of  fire  underwriters, 
to  of  soil  upon  which  the  foundation  is  to  rest  and  the  costs  of 
and  labor. 
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Figs,  iSand  15  show  the  construction  of  the  Luzerne  car  house  of 
the  Philadelphia  Rapid  Transit  Co.  The  girders,  posts,  roof  slabs 
and  floors  are  of  reinforced  concrete  and  the  walls  are  of  brick. 
The  concrete  portion  was  built  by  the  unit  method,  whereby  the 
concrete  members  are  cast  separately  and  lifted  into  place. 

Fig.  20  shows  the  construction  of  the  Middktown  car  house  of 
the  Connecticut  Co.  The  floors  and  footings  are  of  concrete,  the 
walla  are  of  brick  and  the  roof  is  of  mill  type  construction  framed 
with  yellow  pine  girders. 


Pic.  tS.— Luzerne  cur  house,  Philadelphia.     Cross-section  of  bay  for  light 
repwrs. 

Foiindatioiis.  If  the  soil  Is  of  good  bearing  capacity  little  study  , 
need  be  given  to  the  matter  of  foundations.  A  car  house  is  not  a 
heavy  structure,  the  walls  being  light,  and  the  load  of  cars  being 
well  distributed  by  track  work.  The  materials  to  be  selected  for 
foundations  are  largely  determined  by  the  supply  near  at  ha.iid. 
Concrete  is  probably  as  common  and  as  satisfactory  as  any.  Where 
soft  yielding  soil  is  encountered  and  piling  found  necessary,  concrete 
piles  have  been  used.  In  such  cases  and  under  certain  conditions 
they  undoubtedly  prove  more  economical  than  wooden  ones. 

Walla.  Brick  masonry  or  concrete  monolith  seems  to  be  the 
most  suitable  construction.  If  a  cheaper  form  of  wall  is  wanted, 
a  heavy  mill  frame  with  a  ^-in.  cement  plaster  curtain  makes  a 
good  fire-resisting  scheme  and  one  which  is  inexpensive  to  maintain. 
Corrugated  iron  is  sometimes  used,  but  is  not  recommended. 
There  are  in  the  market  several  forms  of  asbestos  boards,  but  their 
cost  does  not  warrant  their  selection  in  preference  to  masonry. 
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The  use  of  concrete  for  roof  construction  may  be  advantageous  be- 
cause of  its  fire-resisting  quality.  Its  cost,  however,  may  be  prohibi- 
tive especially  where  long  spans  are  necessary.  Water  should  be 
taken  off  by  valleys  rather  than  by  gutters  and  taken  down  within 
the  building.  For  the  covering  of  the  roof  there  are  a  number  of 
naterials,  all  of  which  have  some  merit,  but  none  of  them  are  any 
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Conaett:  Quantity 

girder  A,  26X14X36.  is  -^  I44 ** 

Girder  B,  5X8X14X14-66-5-144 S7 

gnees.  3X4 X  14-5-12 14 

Slabs,  14.66X28.9X3.S-5-12-4.7sX4  66X3. S-M3 104 


Cost 


14  

Total  concrete  at  20  cents 257 

Steel: 

Girder  A,  6-1  Hc,r.X34 *9S. 

Girder  B,  SX3-H  c.r.Xi? 344- 

Knees,  2X2  — ^ic.  r.X9 955 

Slabs,  I X 16 X 34X  area  i  sq.  c.  b 190. 

Total  steel 1S24.S 

horning: 
2560  b.  m.  at  2S  cents  per  1000 —  65 +  5  for  knees 


ISi.40 


45.74 
70.00 


Total  cost I16700 

Total  cost  per  sq.  ft o-33 

Pic.  21. — Typical  study  sheet  for  car-house  construction  material. 
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more  satisfactory  than  a  tar  and  gravel  roofing  well  laid  with  first* 
class  materials. 

Fig.  21  by  Messrs.  C.  A.  NefiF  and  T.  P.  Thompson,  Electric 
Railway  Journal,  19 13,  is  a  t3Tpical  one  of  forty  odd  study  sheets 
used  by  them  in  determining  the  proper  roofing  design  for  the 
car  house  of  the  Virginia  Railway  &  Power  Co.  These  sfaeetd 
covered  the  various  systems  of  steel  supports  with  slabs,  tile, 
plates  as  well  as   "monolithic"  and   "unit  built"  structures. 


Scheme  1 


Brick  Work  aboy«  Trolley  Liue  Indicated  thof. 
t9+7-i-5+3)jc800z  L8  r..015  ctB.*$518I.OO 


T 

I 


^S'^^TroHeyLIne^ 


s 


Scheme  2 

Brick  Work  above  Trolley  Line  Indicated  ihaii_ 
(3+  5+5-f  3)-X.800  x^8  x^OlS  ctB.»$3456.00 


Scheme  No 
Scheme  No 


Scheme  3 

Brick  Work  above  Trolley  Line  Indicated  thoj B 

(2+a+2+2)z800  z  18  z  .015  cts.«$1728.00 

SUMMARY 

3  saves  over  scheme  No.  i I3.4S6.00 

3  saves  over  scheme  No.  2 1,728.00 

Scheme  No.  3  saves  over  form  of  roof  on  certain  car  houses 

built  by  others 5,580.00 

Fig.  22. — Typical  study  sheet  for  car-house  roofing  schemes. 

Fig.  22  is  a  study  sheet  prepared  by  these  engineers  to  show  the 
results  of  an  investigation  of  three  different  plans  of  roofing  three 
units  in  one  building.  Scheme  No.  i  shows  the  roof  high  on  one 
side  and  sloping  all  one  way.  Scheme  No.  2  shows  the  roof  high 
in  the  center  of  the  center  unit  and  sloping  two  ways,  scheme 
No.  3  shows  the  roof  high  over  the  center  of- each  unit  and  sloping 
two  ways  over  each  unit.  In  each  scheme  the  slope  per  foot  is 
the  same.  As  the  necessary  distance  between  track  and  trolley 
was  fixed  at  16  ft.,  it  was  considered  that  all  wall  used  above  the 
horizontal  line  x6  ft.  above  the  tracks  should  be  charged  against 
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taA  scheme  in  con^dering  the  relative  cost.  In  scheme  No. 
3  there  are  only  2  ft.  of  brickwork  above  the  trolley  line  at 
file  outside  wall,  whereas  in  schemes  Nos.  i  and  2  there  are 
ft  of  brickwork.  This  results  from  the  fact  that  in  scheme 
3  a  girder  3  ft.  deep  in  the  center  and  only  2  ft.  deep  at 
vail  line  was  possible,  whereas  girders  3  ft.  deep  throughout 
required  in  the  other  two  schemes  for  the  same  strength, 
purjwses  of  comparison,  the  walls  were  considered  as  13 -in. 
wslIIs,  the  figures  being  i>ased  on  brick  laid  in  the  walls  at  $15 
1000  and  each  wall  being  400  ft.  long. 
Posts.  The  1908  Am.  El.  Ry.  Eng.  Assn.  committee  favored  the 
'  tion  of  posts  for  the  roof  supports  in  preference  to  trusses. 
the  pit  room  they  provide  a  means  for  supporting  the  car  han- 
apparatus;  they  are  convenient  for  homing  the  aisle  sprinkler 
,  and  also  the  standpipes  and  hose.  They  can  also  be  used  to 
rt  brackets  for  the  fire  pails.  Where  there  are  posts  it  is 
to  introduce  curtain  walls,  either  the  entire  height  of  building 
dropped  down  6  ft.  or  more  from  the  ceiling.     Plaster  concrete 

tions  along  lines  of  roof  posts  make  excellent  fire  curtains. 

Itolley  Troughs.     One  of  the  most  satisfactory  ways  of  holding 

the  trolley  wire  is  by  a  suspended  plank.    The  plank  serves  not 

this  purpose,  but  also  when  the  trolley  pole  leaves  the  wire, 

fMmts  the  grounding  of  current  through  contact  of  pole  with 

fdikler  pipes,  etc.,  in  the  building. 

lumpers.  At  the  dead  end  of  every  track,  and  3  ft.  from  the  wall, 
ftere  should  be  a  stop  to  prevent  the  cars  doing  damage.  There 
several  kinds  of  stops,  such  as  the  common  cast-iron  shoe  bolted 
the  rail  or  fastened  with  clipping  blocks,  and  bumping  posts, 
consisting  of  hard  pine  timber  buried  in  the  ground  or  concrete. 
There  is  also  the  p)Ost  secured  with  bolt  and  straps  to  the  rail. 

Boors.     Doors  are  necessary  for  those  portions  of  the   house 
'ttiiihave  to  be  heated  and  those  storage  portions  that  are  seldom 
'^bkA.   They  are  less  necestery  on  other  parts  of  the  house  and  may 
he  OButtod  if  one  is  satisfied  that  there  is  no  fear  of  intrusion  by 
pose  bent  on  thieving,  setting  fire  or  other  malicious  mischief.     It 
desirable  to  have  the  doors  swing  out.     Both  swinging  and 
let  types  of  doors  are  being  used.     The  former  has  many  points 
its  favor,  but   the  latter  is  a  great  convenience  where  room 
"  not  permit  the  use  of  swinging  doors.     Where  swing  doors  are 
they  may  be  partly  glazed.     Roller  type  doors  are  sometimes 
or  driven  for  greater  convenience  and  more  rapid  operation. 
Floor  constractioa  (Recommended  by  Am.  El.  Ry.  Eng.  Assn., 
II,  Committee  on  Buildings  and  Structures). 
(tf)  Car  Houses.    Concrete  floor  with  cement  finish  is  best  for 
nent  construction.     Otherwise  crushed  stone  and  screenings, 
ashes  is  advised. 

{b)  Car  Shops.  Concrete  floor  with  cement  finish  is  recom- 
^_  ded,  except  in  machine  shop,  if  subjected  to  heavy  service,  where 
Woaoted  wood  block  on  concrete  foundation  should  be  installed, 
(c)  Power  Houses.  For  engine  room,  concrete  with  cement  or 
fc  finish  is  advised.  For  boiler  room,  concrete  and  cement  finish 
a  floor  of  brick  laid  on  edge  in  cement  mortar  is  recommended. 
8 
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(d)  Offices,  Employees*  Room,  etc.  Maple  or  combed-graln  yellow 
pine  wearing  floor  should  be  used.  If  wearing  floor  is  supported 
by  sleepers  embedded  in  concrete,  it  is  always  best  to  install  a  false 
floor  underneath  the  wearing  floor. 

(e)  Toilet  and  locker  room  floors  should  be  of  concrete  with  cement 
finish,  and  connected  with  sink  and  trap  to  drain,  so  that  the  floor 
may  be  conveniently  washed  and  scrubbed  down. 

(/)  For  waiting  rooms  or  shelters  and  platforms,  floors  of  concrete 
and  cement  finish  are  recommended  for  permanent  structures. 
Rolled  broken  stone  and  screenings  or  ashes  may  be  satisfactorily 
installed  for  cheap  of>en  shelters  for  temporary  construction. 

Lobbies.    As  already  stated,  the  lobby  should  be  under  the  eyes 
of  a  supervising  official;  and  any  plan  by  which  the  men  are  left 
to  themselves  is  undesirable.     The  lobby  should  be  provided  with 
seats,  tables,  bulletin  boards,  and  the  Uke;  counters  should  be  ar- 
ranged for  the  filing  of  time  sheets  and  other  papers  requiring  the 
signatures  of  conductors.     All  seats  are  better  attached  to  the  wall 
for  the  sake  of  cleanliness.     Metal  lockers  should  be  provided   di- 
rectly in  the  lobby  or  in  an  adjoining  room.     For  those  men  who 
are  of  a  quiet  disposition  a  separate  room  should  be  provided,  where 
reading  and  the  playing  of  quiet  games  can  be  indulged  in.     This 
room  should  have  a  table  for  letter  writing.     Separate  rooms  are 
also  advisable  for  making  out  time  sheets,  reports  and  accident 
blanks.     All  parts  of  the  lobbies  and  toilets  should  be  so  designed 
as  to  suffer  as  little  as  possible  from  the  destructive  work  of  idle 
hands.     Adjoining  the  lobby  should  be  ample  toilet  facilities,  with 
provisions  to  keep  the  same  in  sanitary  condition.     The  floor  should 
be  such  as  to  admit  flushing;  partitions  should  not  run  to  the  floor; 
as  little   wood  as  possible  should  be  used;  sharp  corners  should 
be  avoided;  and  there  should  be  good  provisions  for  light  and  air. 
In  the  larger  houses  there  should  be  e(;[ually  well-plaLnned  toilets 
adjoining  the  pit  room,  and  possibly  a  private  toilet  for  the  officials. 
If  the  house  is  small  a  central  toilet  with  one  or  two  water  closets 
under  lock  and  key  may  answer  for  all  employees. 

Pits.  The  pit  room,  one  of  the  most  important  parts  of  the 
house,  should  be  placed  well  back,  and  the  area  should  represent 
a  capacity  of  at  least  one-third — or,  better,  one-half — of  the  car 
storage.  It  should  be  well  lighted,  to  save  artificial  light,  and 
amply  heated  for  the  sake  of  the  comfort  of  the  men  and  for  the 
melting  of  the  snow  around  the  trucks.  Pits  should  have  an 
average  depth  of  4  ft.  6  in.  from  the  top  of  the  rail.  Pref- 
erably, the  floors  of  the  pits  should  be  of  concrete  and  slightly 
crowned  to  shed  water.  The  main  floor  on  one  or  more  tracks  should 
he  dropped  next  to  the  rail  on  each  side  of  the  pit  to  facilitate  work- 
ing about  the  truck  and  the  running  boards.  Fig.  23  shows  a  drop 
floor  at  the  side  of  the  pit.  This  floor  is  27  in.  below  the  top  of  the 
rail.  It  can  be  less  if  preferred,  and  with  some  equipments  12  in. 
proves  satisfactory.  The  natural  lighting  for  the  pit  room  is 
through  the  monitor  of  saw-tooth  type  with  vertical  glass.  A  cross, 
or  transverse  pit,  with  the  floor  slightly  bdow  the  floor  of  pit  and 
terminating  in  a  room  at  the  side,  is  a  convenience  for  moving 
material  from  pit  to  pit.    The  room  can  be  used  for  storage  or,  if 
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well  lighted,  for  a  work  room.  An  opening  can  be  provided  so  that 
material  can  be  lifted  to  the  floor  above.  By  referring  to  Figs.  23 
to  79,  several  schemes  of  pit  construction  will  be  found  iliustrated. 
(See  also  Figs.  iS,  ig  and  20.)  A  form  of  construction  that 
utilizes  the  rail  for  the  support  of  the  Soor,  as  well  as  taking 
the  cars,  will  be  found  simple  and  economical.    It   also    does 


Pig.  33. — Section  showing  drop  floor  beside  pit. 
,  iBt  pocket  the  heat  under  the  floor  and  gives  greater  clearance 
'     working  and  for  passing  from  pit  to  pit.     In    the    fotm   of 
onstruction  shown  by  Fig.  29,  a  single  pit  sufficient  in  size  to 
rover  ail  tracks  is  constructed  in  the  car-house  floor.    Tracks  over 
this  pit  are  supported  on  columns  made  of  a  «ngle  3X3  X  Mt  in. 
angle   with  a  gusset 
plate  at  the   top  to 
»erve  as  a  point  tor 
attaching    a    strut, 
tao  diagonal  tie  rods 
ud  the    tail  clips. 
Two  angle   lugs  at 
tbe  bottom  serve  to 

rtd  the  load  on 
concrete  pedes- 
tals and  as  a  means 
anchoring  the 
,  supporting  struc- 
ture to  the  pedestal 
foundations.  These  , 
track     columns    are   I 

spaced    9    ft.    6    in.    'p^^_  34.— Section  of  pit  construction  deeper  and 
apart  and  are  built  more  expensive  than  usual  supports. 

in   bents   similar  to 

bridge  buck  braces.  They  are  paired  to  support  the  rails  of  parallel 
tracks,  and  are  stiffened  diagonally  by  round  tie  rods  with  turn- 
buckl^  for  adjustment.  A  4  X  3  X  Mi  in.  angle  between  columns 
serves  as  a  strut  to  prevent  overturning  and  as  a  support  for  the 
,  walkway  between  the  tracks.  In  order  to  provide  sufficient  girder 
'   strength   between  the  pit  columns  too  lb.  A.S.C.E.  r^  has  been 
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Fics.  IS.  >6. — Types  of  pit  conatruetion  with  S-in.  T-rail  o 


PIT  CONSTRUCTION 


,  I8.— Types  of  P't  conslraction  with  8-m.  T-rail  en  pier  or  column 
j  aupporls. 

used  to  span  the  g-ft.  6-iii.  interval  between  them.     The  method 
of  fastening  the  ml  at  the  columns  is  by  means  of  dips  bolted 
I   to  tbe  horizontal  leg  of  the  sttuctural  angle  strut. 
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An  installation  of  push  buttons  by  means  of  which  errand  boys 
may  be  called  to  pits  will  save  much  time. 


Fig.  39. — Pit  construction  on  structural  steel. 

Apparatus.  While  the  apparatus  for  the  handling  of  the  cars  is 
not  a  matter  of  car-house  design,  still  there  must  be  provision  made 
for  its  installation.  Supports  sufficient  to  take  cranes  and  body 
hoists  must  be  provided,  as  well  as  provisions  made  for  motor  and 
wheel  hoists. 

Stock  Room.  The  stock  room  should  be  placed  convenient  to  the 
pit  room  and  should  be  of  sufficient  size  to  contain  all  the  stock. 
It  should  not  be  so  large  as  to  make  the  care  of  stock  difficult,  but 
should  be  a  well-lighted,  neatly  designed  room  which  will  inspire 
the  keeper  with  neatness  (and  neatness  means  economy  where  there 
are  a  large  number  of  small  parts  to  be  kept  in  stock).  Broad 
benches  with  lockers  beneath  them;  drawers  for  screws  and  small 
parts,  and  bins  neatly  lettered  and  painted  will  be  an  object  of  pride 
as  well  as  an  incentive  to  saving. 

Fig.  30  shows  the  details  of  the  movable  bin  construction  used  in 
the  stock  room  of  the  Syracuse  Rapid  Transit  Co.  These  bins  arc 
of  galvanized  iron  and  are  built  up  as  follows:  Carrying  channels 
are  bolted  vertically  to  the  wall  at  26-in.  centers  and  are  perforated 
for  the  insertion  of  the  shelf  brackets  at  any  desirable  intervab. 
The  shelving  consists  of  horizontal  sections  1 2  ft.  long  which  have  a 
series  of  holes  4  in.  apart  so  that  the  vertical  partitions  can  be 
riveted  to  the  shelf  at  intervals  of  4  in.  or  multiples  thereof. 

Blacksmith  Shop.  If  any  repairs  are  contemplated,  it  will  gen- 
erally be  found  necessary  to  provide  a  place  for  blacksmith  work. 
This  place  should  be  at  the  end  of  a  track  so  that  the  trucks  can  be 
run  in.  The  small  type  of  blacksmith  shop  will  require  a  work 
bench  and  an  opportunity  to  install  a  few  hand-drilling  machines, 
etc.  As  the  amount  of  work  and  the  size  of  the  house  increases, 
more  machinery  is  required.     With  sm^  roads  a  fully  equipped 
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nadime  shop  is  maintained  for  doing  all  the  work  of  the  road, 


induding  a  small  but  well-equipped  foundry  for  brass  work. 

ftdnt  Shop.    A  small  paint  shop  for  the  renovation  of  cars  is  pro- 
wled as  a  part  of  the  car  house  on  some  roads.    The  paint  shop  must 
pc  so  located  that  it  will  be  absolutely  dustless.     If  the  building  in 
Uich  it  is  located  is  heated  indirectly,  the  air  should  be  blown  into 
fte  paint  shop  first. 
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Out  off  Point 
Cvttins  Plan  for  Partition      \Mvn  Baodinc 

I3i  «  Xf  1-W  Lb.  ZT     Forms  of  Bracket  Constniction 
Note:  Bracket  No.2  is  ased  for  all  Shelves 
IPiG.  30. — Details  of  movable  bin  construction,  Syracuse  storeroom. 

WkflAR.ooxii.  The  use  of  the  wash  room  and  the  washing  of  cars 
[■ftfc  the  hose  is  being  abandoned  by  many  roads;  instead,  the  entire 
poor  is  drained,  and  with  hose  bibbs  at  frequent  intervals  the  cars 
washed  at  any  point  by  the  use  of  pail  and  brush. 
03  Room.  While  some  prefer  a  separate  building  for  the  oil 
age  it  can  be  made  a  part  of  the  car  house,  if  properly  designed, 
floor  should  be  dropped  below  the  outside  floors,  dished  to  the 
iter  and  properly  drained.  There  should  be  barrel  racks,  shelves 
small  vessels  and  waste  receptacles,  all  of  incombustible  mate- 
Proper  provisions  should  be  made  for  heating  the  oil  so  that 
may  be  fit  for  use  in  the  winter.  Tank  systems,  having  the 
lanks  buried  outside^  in  the  ground  and  the  oil  piped  into  the 
bouse,  afford  a  neat  method  of  caring  for  oil  and  one  not  liable 
fo  much  waste. 
Sign  Room.  It  is  convenient  to  have  racks  for  the  storage  of 
used  on  cars  and  they  should  be  convenient  to  the  operating 
ion,  so  that  the  shifting  of  signs  can  readily  be  made.  There 
id  be  facilities  for  the  posting  of  signs  for  the  dashers.  This 
should  be  done  in  a  room  set  apart  for  it. 
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Sand.  It  is  important  to  provide  for  the  storage  and  drying  oi 
sand.  The  apparatus  for  the  drying  should  be  placed  close  to  the 
operating  end  of  the  house  and  should  allow  circidation  of  air  as  well 
as  of  heat.  The  process  of  drying  is  slow  at  the  best,  so  that  it  is 
well  to  have  a  large  storage  space  adjacent  to  the  heater.  This 
space  should  be  filled  with  air-dried  sand  in  the  summer,  and,  with 
the  assistance  of  the  heater,  an  ample  supply  can  be  kept  on  hand 
during  the  winter.  In  the  Luzerne  car  house  of  the  Philadelphia 
Rapid  Transit  Co.,  an  elaborate  sand-storage  and  distributing 
equipment  has  been  installed  to  make  it  easy  for  the  crews  to  fill 
their  boxes  with  clean  sand  in  the  shortest  possible  time  and  without 
placing  bins  throughout  the  building. 

For  this  purpose  the  company  built  a  sand  house  where  the 
sand  brought  from  the  drying  plant  in  hopper-bottomed  cars  is 
dumped  and  then  raised  by  a  motor-driven  bucket  elevator  to  a 
belt  conveyor  which  distributes  its  load  throughout  the  sand- 
handling  panel  extending  across  the  rear  of  the  car  house.  This 
panel  is  i6  ft.  wide  and  is  lighted  by  means  of  steel-sash  windows  in 
the  rear  wall.  Outlets  from  the  bottom  of  the  sand  storage  are 
provided  at  the  p>artition  walls  with  a  supply  pipe  for  each  side  of 
the  partition.  To  obtain  sand,  it  is  necessary  only  to  raise  a 
weighted  valve  and  the  sand  receptacle  will  be  filled. 

Salt.  Less  space  is  required  for  the  storage  of  salt,  but  fuU  pro- 
vision for  its  handling  is  just  as  necessary. 

Heating  systems  recommended  (by  Am.  El.  Ry.  Eng.  Assn., 
191 1,  Committee  on  Buildings  and  Structures): 

(fl)  For  car  houses,  a  blower  system,  where  the  air  is  blown  over 
steam  coils  and  through  the  building. 

(b)  Large  car  shops,  the  blower  system,  except  in  the  paint  shop, 
where  direct  steam  radiation  is  advised.  For  the  small  shop,  either 
direct  steam  or  a  hot  water  heating  system. 

(c)  Isolated  waiting  rooms,  only  practicable  to  heat  if  attended — 
generally,  standard  coal  stoves  are  advisable.  If  waiting  room  is  large 
and  pretentious,  steam  or  hot  water  heating  system  may  be  used. 

(d)  Unisolated  waiting  rooms.  Direct  steam  or  hot  water  system 
is  generally  advisable. 

{e)  Small  isolated  ticket  booths  and  the  like  may  be  satisfactorily 
heated  with  the  ordinary  electric  car  heater. 

Lighting.  The  pit  room  should  be  well  lighted,  but  a  proper  dis- 
position of  lights  will  make  their  number  comparatively  small. 
One  satisfactory  and  economical  arrangement  is  to  place  lamps  on 
one  side  of  pit  about  18  ft.  on  centers.  Each  lamp  is  portable  and 
enables  the  inspector  to  place  it  close  to  any  desired  point,  and  a 
hook  attached  to  the  lamp  allows  it  to  be  hung  up.  Sufficient 
light  should  be  provided  in  those  places  where  troUeys  are  usually 
shifted.  For  the  sake  of  the  eyes,  hght  should  not  be  stinted  in  the 
reading,  report  and  other  rooms  attached  to  the  lobbies.  All  in- 
terior wiring  should  be  installed  in  conduits. 

Road  and  Line  Departments.  When  quarters  for  the  road  and 
line  departments  are  to  be  furnished,  they  should  be  placed  so  as  to 
have  yard  room  adjoining.  The  headquarters  themselves  should  be 
of  ample  size  to  take  the  more  or  less  bulky  materials  that  are  used. 
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ftoper  provisions  should  also  be  made  for  the  locking  up  of  copper 

ttid  other  valuable  portions  of  the  stock. 
Iijiress  Accommodations.     Companies  doing  or  contemplating 
*!g  an  express  business  may  wish  to  establish  a  terminal  at  the 
Irouse.    In  such  cases  the  room  should  be  so  situated  that  the 
cars  and  teams  receiving  and  delivering  shall  not  interfere 
the  operation  of  the  regular  cars,  and  will  not  be  in  the  way  of 
e  improvements  of  the  house.     It  should  also  be  placed  so  that 
derk  in  charge  could,  if  he  had  spare  time,  do  other  duties  con- 
'"*  with  the  general  routine. 

Repair-shop  Design 

Jle  following  excellent  compilation  of  figures  from  ten  electric 
way  repair  shops,  giving  consideration  to  relative  areas  of  dif- 
Dt  departments,  as  well  as  to  ground  and  building  areas,  is  taken 
1  the  Electric  Railway  Journal,  191 2: 
r  It  is  believed  that  past  experience  has,  by  a  process  of  elimination 
*4  addition,  determined  approximately  correct  areas  for  the 
IJjious  shop  departments,  and,  in  consequence,  a  series  of  averages 
gkmfrom  representative  repair  shops  should  determine  a  definite 
^rd  which  may  be  expressed  in  exact  terms.  It  is,  of  course, 
'that  the  individual  ideas  of  different  designers  as  well  as  local 
ftions  have  affected  the  arrangement  and  proportions  of  exist- 
I  shops,  but,  in  a  set  of  averages  from  any  large  number  of  ar- 
ements,  these  variations  cancel  out  and  become  negligible  in 
i  general  result.  In  order  to  obtain  figures  upon  which  to  base 
''iges,  ten  shops  have  been  selected  as  representative.  These 
i  shown  in  the  following  table,  which  also  gives  the  reference  to 
I* files  of  the  Electric  Railway  Journal,  where  descriptions  of  the 
"fittoit  shops  may  be  found: 


Fig. 


Railway 


Reference 


Nfie 


33 

32 

35 
36 
40 
39 

34 
37 
31 
3S 


Milwaukee  Electric  Ry.  & 
Lt.  Co. 

United  Railways  and  Elec- 
tric Co. 

Seattle  Electric  Co 

New  York  State  Railways . . 

Union  Traction  Co.  of  Ind. 

Twin  City  Rapid  Transit 
Co. 

Portland  Railroad  Co 

Oneida  Railway  Co 

Chicago  Railways  Co 

M<>ntreal  St.  Ry.  Co 


Feb.  4,  191 1,  p.  206 

Apr.  4,  1903,  p.  512 

Oct.  2,  1909,  p.  537 

Apr.  II,  1903,  p.  549 

Apr.  4,  1908,  p.  540 

Oct.  10,  1908,  p.  891 

Nov.  26,  1910,  p.  I0S7 

Apr.  I,  1911.  p.  SSI 
Mar.  25,  19 II.  p..  492 

Octu  29,  1910,  p.  908 


,ftBportions.  For  the  purposes  of  comparison  each  one  of  the  ten 
'has  been  divided  into  eight  different  departments,  namely,  (i) 
*f  shop,  (2)  machine  shop,  (3)  blacksmith  shop,  (4)  carpenter  or 
^gshop,  (5)  storeroom,  (6)  armature  room  or  electrical  depart- 
*H  (7)  wwd  mill,  (8)  paint  shop  and  wash  rooms.  The  repair 
^  is  intended  to  include  the  building  or  area  where  general  repair 
'  is  done  upon  cars.    It  includes  the  truck  shop  and  the  space 

P^'^ed  for  floor  work  on  running  gears,  brake  rigging  and  such 


ELECTRIC  RAaWAY  HANDBOOK 


tepair  work  on  contndler  wir- 
ing, sand  boxes,  railways, 
door  rigging  and  the  like  as 
can  be  done  either  upon  the 
car  or  without  necessity  for 
use  of  special  appliances 
available  in  other  depart- 
ments. The  machine  shop 
and  the  blacksmith  sliop 
cover  the  space  assigned  to 
metal-working  machinery,  in- 
cluding the  wheel  shop.  The 
carpenter  or  erecting  shop 
provides  space  for  heavy  re- 
pairs upon  car  btxties  and  is 
distinct  from  the  repair  shop 
in  that  in  the  latter  only  light 
carpentry  repdrs  which  will 
not  hold  the  car  are  done  as 
needed.  The  storeroom  is 
I  the  building  or  room  where 

>  stock  material  is  kept  and 
:  does  not  include  storage 
I  space  outside  for  heavy  ma- 

>  tcrials  nor  the  interior  space 
■  used  for  storing  material  im- 
,  mediately  needed  in  the 
:  different   departments   such 

as  bar  iron  for  the  black- 
smiths and  unmounted 
wheels  at  the  wheel  press. 
'  It  does,  however,  generally 
;  include  the  shop  offices. 
'  The  armature  room  is  in- 
tended to  include  space  for 
strictly  electrical  repairs  al- 
though the  line  of  demarca- 
tion between  this  department 
and  the  machine  shop  is  not 
well  defined  on  account  of  the 
machine  shop  work  in  strip- 
ping and  testing  motors,  turn- 
ing and  slotting  commuta- 
tors and  the  like.  The  wood 
mill  covers  the  space  assigned 
to  wood-working  machinery 
and  includes  the  cabinet  shop 
wherever  a  separate  room  is 
installed  for  that  work.  The 
paint  shop  and  wash  room,  in 
addition  to  the  work  indicated 
by  the    title,  includes   paint 
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minng  and  storage  space,  room  for  sash,  doors  and  seat  storage 
.and  the  varnishing  rooms.     Of  the  minor  departments  the  dry  kihi 
and  heating  boilers,  being  subject  to  arbitrary  considerations,  are 
^©mitted  in  making  up  averages.    The  tin  shop  has  been  included 
■  wth  the  blacksmith  shop  when  possible,  and  the  brass  foundry, 
ere  one  is  installed,  has  been  omitted,  as  its  existence  depends 
"*  whether  it  is  the  policy  of  the  company  to  purchase  or  manu- 
re its  brass  fittings.     Space  devoted  to  inspection  of  cars  or 
?e  of  cars  has  been  omitted  in  every  case  for  the  same  reason, 
these  are  operating  and  not  strictly  repair-shop  facilities. 
On  this  basis  the  area  of  each  department  of  each  of  the  ten  shops 
*•  been  determined  and  the  relative  area  of  each  department  has 
n  expressed  as  a  percentage  of  the  total  area  of  the  shop.    These 
rcentages  are  shown  in  the  following  table: 

EUTiVE  Area  of  DEPARTiiZNTS  Expressed  as  Percentage  of 

Total  Shop  Area 


} 

[ 

L 

Repair 
shop 

Machine 
shop 

Black- 
smith 
shop 

Car- 
penter 
shop 

Store- 
xxjom 

Arma- 
ture 
room 

Wood 
mill 

Paint 
shop 
and 
wash- 
room 

Ipaukee... 

feWson. . . . 

^ 

Hootreal. ! '. 

19-6 
17-9 
17-4 

21.0 
22.0 

95 
19.5 

30.2 
21. I 
23. 3 

12.9 

7-4 
I0.8 
13.6 

8.3 
8.3 

8.4 

5.5 

12.6 

8.6 

S-9 
3.7 
3-1 
2.3 

3.3 

7.1 
6.2 

i.S 
1.4 
4-9 

18.3 
17.9 
13.9 
10. s 

17. 5 
17.7 
10.7 

18.7 
22.5 
19.0 

13.8 
12.4 
18. 1 
30.4 

16.4 
17.8 
II. S 

18. s 

4.8 

10.6 

S.2 

4.8 

6.5 
3.2 

•5.6 
8.3 
8.3 

I.S 
4.1 
55 

6.9 

12.8 
7.0 
5.6 

9-7 
8.9 
7.8 

2.4 

15-2 

7.6 

17.4 
23.1 
23.2 

134 

17.2 
22.4 
27.6 

21.7 
18.3 
20.5 

^'oages.. . 

20.3 

9.4 

4.0 

16.8 

14.9 

53 

8.2 

21. 1 

I 

*^list  of  shops  shown  has  been  made  up  without  regard  to  size 
•Joe number,  type  or  size  of  the  cars  served  by  it.  It  is  possible  that 
«tte  factors  may  influence  the  relative  areas  of  the  different  depart- 
5?^'  but  the  table  shows  that  any  such  influence  is  very  slight. 
fl^  niay  be  accounted  for  by  the  fact  that  large  cars  will  have 
■'?e  motors  and  heavy  trucks  and  wheels.  Large  cars  will  also 
•■itam  more  wood  than  small  ones,  and  all  departments  will  in- 
Qtase  in  approximately  the  same  proportion  as  more  shop  space  is 
*9^ed  to  house  the  car  bodies. 

L  **^*ptions  from  the  General  Average.  With  few  exceptions  all 
I  we  shops  seem  to  agree  reasonably  well  with  the  average.  Notable 
*iiong  the  exceptions  are  the  Minneapolis  and  Syracuse  shops  with 
*^^  departments  respectively  50  per  cent,  and  150  per  cent,  of  the 
^&  indicated  as  good  practice  by  the  average  of  the  table.  The 
wnner  is  accounted  for  by  the  fact  that  part  of  a  car  house  not  shown 
J  the  drawing  of  the  Minneapolis  shops  is  used  as  a  light  repair 
rJP-  Smce  the. area  devoted  to  this  purpose  is  unfortunately 
■weterminate,  it  has  not  been  added  in  the  repair  shop  area.     The 
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falhe  c 


I  KWnted  for  by  lie  fact  that 

I I  Isrge  imount  of  manufac- 
[tnring  is  done  in  Ih'e  shop. 
Ul  carpenter  shops  seem  to 

nm  KMonably  dose  to  the 
ptnige,  eicept  possibly 
Ilttiuid,  which  is  a,  small 
rt«[hand  not  subject  to  any 
BDct  lines  of  demarcation 
Mwten  departments,  and 
Wiester,  which  has  small 
arsicd  nanow  track  spac- 
^  in  the  carpenter  shop. 
It  eiceptions  to  the  rale 
"     ase   of   storehouse 

e  at   Chicago   and 

Bodiester.      The  first  may 

■  ittounted  for  by  the  fact 
AU  the  shops  are  located  in 
1  krje  city  where  purchase 
ji  naterials  of  all  kinds  can 

I  nude  on  short  notice,  as 
4  lu  the  fiLct  that  the 
■pmy  has  other  store- 
Uses  at  different  points 
I  its   lines.      The    large 

te{e  area  at  Rochester  is 
i  due  to  the  fact  that 
iMnUerial  is  stored  outside 
•  WWing,  it  being  placed 

■  i  basement  extending 
■*■  the  entire  shojj. 
WKw  is  again  in  evi- 
■Wt  lith  an  exceptionally 
■Umnature  room,  which 
■■Utal  to  be  ample  in  size 
[« the  reason  that  no  elec- 

tal  equipment  on  the  cars 
'J'owaded  or  subjected  to 
»«  abuse.    It  is  reported' 
N  no  motors   are    ever 
Jwund   at    these    shops, 
("soise  and  Chicago  show 
■Heme     variations     from 
•"oal  in  the  size  of  the 
pod  mill     At  the  former 
Wtceno  reason  is  as^ned     I 
prthis,  although  it  is  re-     ] 
PfW  by  the  management     ] 
pbe  very  compact  in  ac- 
Rcment    At  Chicago  the 
Ih  vu  purpoaely  laid  out 


r  '■  i''!j' 
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SO  as  to  permit  wagom 
to  jwss  between  the  ms- 
,   chines,    and  space  lor 
storing    50,000    ft.  ol 
lumber  on  the  mill  floor 
,   isprovided.   Thisnal'u- 
rally  follows  from  the 
fact    that    no  lumbef 
storage   could   be  pro- 
vided   outside  on   ac- 
count of  location  in  ■ 
congested    city.     The 
paint   shops  in  everf 
'   case   except   RochesW 
run  reasonably  close  W 
the  average,  the  raaii- 
mum  being  25  percent, 
above  and  the  mininnii" 
21  percent.  bdowiM- 
maf      The  limited  area 
of   paint   shop  at  Eo- 
Chester     may    be   ac- 
counted for  on  the  same 
ground    as    the   small 
carpenter  shop  at  this 
point,     namely,    small 
cars    and    close  Ira" 
-^    spacing.   From  the  tow- 
g    going  it  appears  thil  • 
I    distinct     relation    f" 
g>   tween  the  areas  of  l™ 
E    various  departments  in 
a    repair  shops  has  become 
g-   established     and    that 
•S    present  practice  in  the 
^    matter     is     reasonably 
^    well  standardized- 
cS       Size     of    Bnildioff 
I     The  actual  areas  of  iw 
S  building    or    buildiip 
J-    required  for  housing  tte 
e    various  departments  ol 
the  repair  shop  ofanj 
electric  railway  are, « 
course,    subject    to   » 
number  of  obscure  faC' 
tots.         Probably    tb< 
easiest   way  to   atrivi 
'  at  a  basis  tor  compari- 
son fs  to  consider  tlw 
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is  granted  that  this  is  an  exceedingly  rough,  approximate  method, 

It,  in  view  of  the  fact  that  there  is  necessarily  a  certain  relation- 

between  size  of  shop  and  number  of  cars,  a  table  has  been 

red  to  show  the  range  through  which  this  unit  varies.    In 

termining  the  areas  given,  only  buildings  have  been  included. 

yard  space  of  any  kind  is  considered,  and  covered  transfer 

where  they  exist  have  been  omitted. 

moN  OF  Shop  Areas  to  Total  Number  of  Cars  Owned 

BY  THE  Railway 


Shop 


Number  of 
cars  owned 


Floor  area 
of  shop 


Square  feet  of 
shop  per  car 


Ka).. 

UQore 

tie 

ter(&)  (c) 


m. . . . 
ipolis. 
ad.... 


iic). 


Lverage  of  restdts. 
Totals 


i.Soo 

1.780 
450 
236 

300 

787 
210 

250 

2,200 

S70 


8.283 


284.600 

243.400 

82,900 

56,000 

w 

70.200 

168.800 

38,400 

65,900 
262,100 
111,500 


1,383,800 


190 

137* 

X84 

237 

244 
215 
183 

264 

120* 

196 


197 
167 


Number  of   cars   estimated,     (b)  Number  of  cars  based  on  annual 
of  shop,     (r)  Floor  area  includes  part  basement. 
0  bays  used  for  car  storage  not  included. 
'All  light  repairs  are  made  at  car  houses. 

j^With  the  exception  of  Baltimore  and  Chicago,  all  shops  seem  to 
'c  an  area  approximating  200  sq.  ft.  per  car  owned.    At  Balti- 
the  tracks  are  spaced  on  lo-ft.  6-in.  centers  and  this  is  un- 
ibly  too  narrow  for  efficient  operation.    If  the  track  spac- 
tere  increased  to  the  customary  16  ft.,  the  area  occupied  by 
Would  be  increased  50  per  cent.    As  will  be  shown  later,  the 
occupied  by  cars  is  approximately  half  of  the  total  shop  area 
Jat  the  wider  track  centers  distances  would  increase  the  total 
25  per  cent,  and  bring  the  area  per  car  up  to  172  sq.  ft.     At 
considerable  work  is  done  in  the  outside  car  houses.    This 
les  all  light  repairs,  installing  wheels,  armatures  and  motors 
overhauling  trucks,  so  that  the  main  shop  is  relieved  to  a  con- 
rable  extent. 

Influence  of  Various  Factors  on  Size  of  Shop.  The  same  result 
^y  be  arrived  at  in  a  somewhat  different  manner  by  assuming 
each  car  in  the  shop  occupies  a  space  60  ft.  long  and  15  ft.  wide, 
length  of  60  ft.  is  based  on  a  4S-ft.  car  body  with  a  7-ft.  6-in. 
ce  at  each  end  for  passageway,  trucks  and  waste  room.  The 
th  is  assumed  arbitrarily  from  the  track  spacing  existing  in 
ly  shops.  This  gives  a  total  area  of  900  sq.  ft.  required  for 
car  which  stands  in  the  shop.  However,  the  whole  of  the  shop 
)t  devoted  to  housing  car  ladies,  and  by  referring  to  the  first 
the  average  condition  will  be  foimd  to  be  as  foUows: 
9 
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Space  not  used  for  cars 

Per  cent. 

Machine  shop 9.4 

Blacksmith 4.0 

Storeroom 14.9 

Armature  room 5.3 

Wood  mill , 8.2 

Cabinet  shop,  varnish  rooms,  etc.,  say  15    per  cent,  of 

paint  shop 3.3 

Truck  shop,  say  25  per  cent,  of  repair  shop S  •  o 

Total 50. 1 

Id  Other  words,  approximately  half  of  the  shop  is  used  for  housing 
cars  and  the  other  half  for  machinery  and  floor  work.  If  each  car 
requires  900  sq.  ft.  of  space  in  which  to  stand,  the  total  area  of  shop 
for  each  car  contained  in  it  will  be  twice  that,  or  approximately 
1800  sq.  ft.  Then,  if  10  per  cent,  of  the  equipment  is  held  in  the 
shop  at  any  one  time  for  repairs,  accidents  or  rebuilding,  10  j>er 
cent,  of  1800  sq.  ft.  of  shop  area  will  have  to  be  provided  for  each 
car  owned.  This  amounts  to  180  sq.  ft.  of  shop  per  car,  which 
checks  fairly  well  with  the  figures  indicated  in  the  preceding  table. 
This  is  undoubtedly  the  most  accurate  method  for  arriving  at  the 
proper  size  of  shop  for  any  electric  railway,  as  it  permits  allowance 
for  the  requirements  of  variations  in  length  of  car  body  as  well  as 
for  unusual  conditions  which  might  necessitate  frequent  shoppings 
due  to  numerous  accidents  or  excessive  wear.  The  latter  allowance 
may  be  made  by  using  judgment  in  selecting  the  expected  percent- 
age of  cars  held  in  the  shop.  In  crowded  city  streets,  for  instance, 
where  accidents  are  common,  it  would  not  be  unreasonable  to  as- 
sume that  1 2  per  cent,  of  the  cars  owned  might  be  held  in  the  shop. 
On  the  other  hand,  where  equipment  is  first  class  and  conditions 
good,  it  is  safe  to  reduce  the  figure  to  8  per  cent.  This  method  can 
be  expressed  by  the  formula: 

Shop  area  in  square  feet  =  2XLXSXCXP 
where  L  =  length  of  average  car  plus  15  ft. 
S  =  track  spacing  (generally  15  ft.) 
C  =  number  of  cars  owned  by  the  railway 
P  =  maximum  percentage  of  cars  held  out  of  service  in  the 
shop  (generally  10  per  cent.). 

As  a  further  check  on  these  figures  the  following  table  has  been 
prepared  to  show  the  approximate  capacity  in  cars  of  each  of  the 
ten  shops  here  considered,  also  the  percentage  of  the  total  number 
of  cars  held  in  the  shop  and  the  number  of  square  feet  of  shop  for 
each  car  which  it  can  hold.  The  figures  in  column  6  are- obtained 
by  dividing  those  in  column  4  by  those  in  column  5.  The  figures 
in  column  8  are  obtained  by  dividing  the  figures  in  column  7  by 
those  in  column  4. 

The  figures  in  column  8,  or  the  area  of  shop  per  car  housed,  corre- 
spond to  the  value  2  X  L  X  S  given  in  the  formula  and  are  com- 
parable to  the  figure  of  1800  mentioned  in  the  example  previous  to 
that.  The  figures  in  column  6,  or  the  percentage  of  cars  owned 
which  can  be  housed  in  the  shop,  correspond  to  the  term  P  in  the 
formula.    The  fact  that  the  Syracuse  shops  can  hold  over  17  per 
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it  of  the  cars  on  the  road  is  not  necessarily  evidence  that  they 
do  so.  The  peculiarly  large  repair  shop  at  Syracuse  accounts 
this  conditfon;  for,  while  this  department  has  capacity  for  eight- 
cars,  there  is  no  indication  that  it  ever  needs  to  hold  over  eight, 
low  area  of  shop  at  Baltimore  per  car  contained,  as  shown  in 
8,  may  be  accounted  for  by  the  fact  that  the  shop  tracks 
[set  on  lo-ft.  6-in.  centers.  The  latest  practice  calls  for  is-ft. 
'i6-ft.  centers,  and  this  would  add  about  25  per  cent,  to  the 
shown. 

moN  OF  Shop  Area  and  Number  of  Cars  Owned  to  the 
Number  of  Cars  Which  Shop  will  Contain. 


Capacity  in  car 
(50  ft.  long) 


(I) 
Re- 
pair 
shop 


(2) 

Erect- 
ing 

shop 


(3) 
Paint 
shop 


(4) 

Total 

No.  of 

cars 

held 

shop 


(5), 

Total 

No.  of 

cars 

owned 

road 


(6) 

Per 
cent.of 
all  cars 

held 

shop 


(7) 

Area  of 

shop  in 

sq.  ft. 


(8) 
Sq.  ft. 
of  shop 
per  car 
con- 
tained 
in  it 


tee.. 

)re... 


iipolis 


Liveragi 


:es.. 


56 

7 
5 

8 
10 

64 
22 
10 

140 

184  4 
37 
25 

1. 500 

1,780 

450 

236 

9.3 
10.8 

8.2 
10.6 

284,600 

243,400 

82,900 

56,000 

12 
4 

12 

35 

3 

12 
36 

12 

36 
71 
19 

300 

787 
210 

12.0 
8.9 
9.0 

70,200 

168,800 

38,400 

18 
36 

IS 

12 
72 
21 

14 

so 
18 

44 
158 

54 

250 

2.200 

570 

17.6 

7.2 
95 

65,900 
262,100 
111,500 

19 

28 

29 

76 

10.3 

a,030 
1,320 
2,240 
2,370 

1,950 
2,370 
1,940 

1. 500 
1,650 
2,070 

1.944 


^^tii  Areas.    In  the  foregoing  only  the  areas  of  buildings  or 
3reas  of  the  various  departments  have  been  considered.    It  is, 
'^orse,  undesirable  to  build  a  shop  upon  a  plot  of  ground  of  the 
Jlc^size  of  the  building.    There  are  many  classes  of  material,  such 
'Wheels,  iron  castings,  lumber,  scrap  and  the  like,  which  can  be 
jauently  stored  outside  of  the  shop  building,  and  this  is  un- 
itedly better  than  to  have  them  occupying  valuable  space  under 
•  or  to  have  them  kept  in  a  storeyard  at  some  distance  from  the 
In  addition  to  this  it  is  not  unusual  to  make  use  of  the  shops 
fstoring  and  repairing  track  material  so  that  a  need  exists  for  a 
^  ground  considerably  larger  than  the  shop  buildings.     Un- 
nately  no  set  relation  appears  to  exist  between  building  and 
id  areas.     However,  the  following  table  has  been  prepared  to 
a  conception  of  present  practice  in  regard  to  the  total  area  of 
^  required.    The  figures  have  been  worked  out   in  three 
*»  each  column  showing  the  same  area  expressed  in  different 

^^  be  noticed  from  this  table  that  a  marked  difference  in  area 

id  required  exists  between  those  shops  which  are  composed  of 

buildings  and  those  in  which  all  departments  are  grouped 
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Areas  of  Shop  Grounds 


Area  of 

ground 

Per  cent. 

Area  per 

Area  per 

and 
build- 

of 
building 

100  cars 
owned. 

car 
owned. 

Remarks 

ings. 

area 

acres 

sq.  ft. 

acres 

Milwaukee 

95 

144 

0.63 

273 

Baltimore 

II. 9 

214 

0.67 

292 

. 

Seattle 

9.0 

470 

2.00 

870 

Separate     buildings 

Rochester 

0.9 

IIS 

0.31 

133 

Basement  area  not 
included.  No 
transfer  table. 

Anderson 

55 

342 

1.83 

800 

Minneapolis. . . 

19.7 

Sio 

2.50 

• 

1090 

Separate  buildings. 
Includes  track  ma- 
terial. 

Syracuse 

3.6 

236 

1.44 

620 

Chicago 

II. 0 

180 

0.49 

214 

Basement  area  not 
included. 

under  one  roof  or  are  located  in  two  or  three  large  buildings  sepa- 
rated only  by  narrow  transfer  tables.    The  former  arrangement  . 
offers  a  much  greater  protection  against  disastrous  fires,  permits 
better  natural  lighting  facilities  and,  especially  for  large  shops,  gives 
an  opportunity  for  greater  flexibility  in  design.     However,   it 
appears  that  the  spaces  between  the  different  buildings  are  not 
needed  aside  from  their  value  for  fire  protection,  and  that  separating 
departments   in   different   buildings   necessitates   a   considerably 
greater  ground  area  for  the  shops.    The  low  figure  of  0.31  acre  per 
100  cars  owned  which  is  shown  for  Rochester  is  due  to  the  fact 
that  this  shop  has  a  basement  extending  under  the  entire  shop 
building.    This  in  effect  makes  a  two-story  shop  and,  as  has  been 
mentioned  before,  gives  the  shop  an  unusually  large  storeroom. 
The  area  outside  of  the  shop  usually  allowed  for  heavy  storage  has 
in  this  case  been  put  into  a  basement.    The  same  arrangement  ob- 
tains in  a  limited  degree  at  Syracuse,  where  part  of  the  shop  building 
is  provided  with  a  storage  basement.     Chicago  has  a  lay-out  charac- 
terized by  decidedly  restricted  building  area  in  consideration  of  the 
total  number  of  cars  owned,  so  that  it  is  evident  that  the  minimum 
ground  area  required  for  a  complete  set  of  shops  is  somewhere  be- 
tween 0.49  acre  per  100  cars  owned,  as  at  Chicago,  and  1.83  acres,  as 
at  Anderson.     The  latter  shop,  as  shown  in  the  cut,  is  located  on  a 
triangular  plot  of  ground  which  is  at  best  difficult  to  utilize.     In 
round  numbers,  it  is  probable  that  i  acre  per  100  cars  owned  is 
sufficient,  or  at  least  desirable,  for  a  compactly  designed  shop. 
When  separate  buildings  are  used  for  the  different  departments, 
and  especially  where  considerable  quantities  of  track  material 
are  stored,  2  acres  per  100  cars  owned  appears  to  be  the  least 
possible  ground  area  which  should  be  provided. 

Miscellaneous  Departments.  The  dry  kiln  lumber  store,  boiler 
room  and  brass  foundry,  as  already  stated,  are  departments  whose 
areas  are  not  necessarily  dependent  upon  the  considerations  affect- 
ing the  proportions  of  the  rest  of  the  shop.  Where  the  information 
can  be  obtained  the  areas  of  these  minor  departments  are  as 
follows: 
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Areas 

OF  Miscellaneous  Departments  (Square  Feet) 

Dry 

kiln 

Lum- 
ber 
room 

Boiler 
room 

Percent- 
age of 
total 

building 
area 

occupied 
by 

boilers 

Brass 
foun- 
dry 

Pat- 
tern 
store 

Toilet 

and 

locker 

rooms 

Percent- 
age of 

total 
building 

area 
occupied 
by  toilet 
facilities 

Milwaukee.. . 

2620 
Sooo 

I 

Baltimore. . . . 

4500 

2 

^ 

Seattle 

600 

Rochester... . 

1250 

2 

Anderson. . .  . 

2500 

1250 

1200 
3000 

2 

Minneapolis 

4900 

6000 

4 

2 

Portland 

1 100 

Syracuse 

1500 
1500 

i 

2 

OS 



700 
2200 
2000 

T 

Chicago 

Montreal. .  .  . 

1000 
1000 

3000 

2400 

7500 

I 

2 

Provision  for  Growth.  Examinations  of  the  shop  arrangements 
shown  in  Figs.  31  to  40  disclose  the  somewhat  unexpected  condition 
that  only  a  minority  of  the  ten  contain  distinct  provision  for  future 
extension.  ^  It  is,  of  course,  possible  to  extend  any  shop  provided 
that  suflSdent  ground  area  is  provided  around  it,  but  m  most  of 
the  layouts  shown  an  extension  could  only  be  made  by  shifting 
departments  or  adding  to  the  sides  instead  of  the  length  of  the 
biuldings. 

Miscellaneotis  Considerations.  A  number  of  features  of  the 
different  shops  under  consideration  affect  indirectly  the  areas  of 
the  different  departments,  and  for  that  reason  they  are  shown  in 
the  table  on  the  following  page. 

The  matter  of  track  spacing,  or  the  distances  between  centers  of 
tracks,  is  the  most  important  matter  covered  in  the  table.  The 
ivenge  for  all  of  the  ten  shops  is  approximately  14  ft.  6  in.  for  all 
departments.  However,  of  the  ten  shops,  Baltimore  and  Rochester 
were  built  prior  to  1903,  or  more  than  5  years  before  the  other 
dght.  The  present  tendency  seems  to  be  strongly  in  favor  of  a 
wider  spacing.  If  these  two  shops  are  omitted,  the  average  spacing 
becomes  as  follows: 

Repair  shop 15  ft.  7  in.  c.  to  c. 

Erecting  shop iS  ft.  s  in.  c.  to  c. 

Paint  shop IS  ft.  i  in.  c.  to  c. 

Of  the  methods  used  for  raising  cars  off  trucks,  electric  traveling 
cranes  or  hoists  appear  generally  to  be  preferred.  However,  their 
iise  does  not  actually  tend  toward  compactness  of  shop.  Crane 
installations  are  not  confined  to  the  largest  plants,  although  it 
would  seem  that  they  are  peculiarly  adapted  to  such  shops.  Trans- 
fer tables  are  used  by  seven  out  of  ten  shops  in  preference  to  ladder 
tracks.  This  preponderance  of  opinion  is  evidently  due  not  only 
to  the  convenience  and  speed  of  the  transfer  table  but  also  to  the 
h^h  cost  of  the  complicated  overhead  work  and  switches  necessary 
without  it.    The  location  of  armature  rooms  on  a  gallery  or  second 
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Factors  Indirectly  Affecting  Shop  Areas 


Track 
spacing 

Use  of  tracks 
which  bold 
more  than 
two  cars 

1 

1 

1 

Per 
pits 

Methods 

table 
v%td 

Arma- 

1 

! 

1 

Baltimme... 

.6 
\l 
'J 
•  6 

t6 

io!4 
14 

15 

15M 

48 
63 

hoist. 

electric 
electric 

Yes 

Yes 
Yea 

Yes 

Yes 

Yes 

Yea 

Yes 

Y« 

R 

Yes 
Yes 
Yes 
Yes 

STraouse!!!! 
CbicB«D. .  . . 

Yes 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Ye* 

Ye. 

3 

s 

Story  does  not  appear  to  be  generally  favored  even  in  some  of  the 
shops  located  in  congested  city  districts.     Tracks  which  hold  more 
than  two  cars  are  favored  strongly  for  the  erecting  and  paint  shops, 
while  opinion  is  about  evenly  divided  for  repair  shops.     The  objec- 
tion sometimes  advanced  to  this  arrangement,  to  the  effect  tb 
it  necessitates  holdin;;  cars  which  may  be  finished  before  their  tui 
and  abo  involves  more  complicated  switching,   therefore,  does  i 
appear  to  be  considered  seriously. 


SECTION  m 
TRAIN  MOVEMENT 

Ton.  Note  that  the  ton  of  2000  lb.  (avoirdupois)  is  used 
throughout  the  book. 

Schedules.  In  the  preliminary  determination  of  schedules  for 
an  electric  railway  the  factors  concerned  bear  directly  on  the  amount 
of  travel  between  various  points  and  the  time  intervals  during 
which  such  movements  exist.  Gotshall  lists  these  factors  and 
shows  their  relation  to  one  another  as  follows: 

P  ==  number  of  people  required  to  be  carried 
Q  =  time  in  hours  during  which  business  of  F  lasts 
M  =  number  of  people  one  car  will  hold 
S  =  schedule  speed  in  miles  per  hour  (including  time  for 

stops) 
H  —  headway  in  minutes 
D  =  length  of  line  in  miles 
N  =  number  of  cars,  if  single  cars  be  used,  or  train  units,  if 

more  than  one  car  be  used 
T  =  time  in  minutes  occupied  in  running  between  terminals 

during  one  single  trip 


Then 


Q 
p 


=  number  of  people  to  be  carried  per  hour 


QAf 


=  number.of  cars  required,  which  if  single  car  trains  be  used 

— ji —  =  schedule  speed  in  miles  per  hour  =  S 

The  formula  connecting  iV,  5,  D  and  H  is 
1200^ 

SXH 
winch  by  transposition  is 

^  120  XD       «  ^  120  XD 

5  X  iV   ^  HXN' 

The  foregoing,  together  with  the  knowledge  of  the  probable 
amount  of  the  heaviest  business,  will  give  at  once  the  number 
of  cars  or  train  units  by  assuming  the  schedule  speed  and  headway, 
or,  if  the  number  of  train  units  be  fixed  in  advance,  by  assuming  the 
schedule  speed,  the  required  headway  is  at  once  shown. 

Chart  for  Headway  Calculations.  If  the  schedule  speed  and 
any  one  of  the  following  factors — headway  in  seconds,  headway 
»  feet,  cars  per  mUe — is  given,  the  other  factors  may  be  obtained 
quickly  by  r^erence  to  the  chart  developed  by  Mr.  H.  M.  Wheeler, 
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Frequency  of  Stops.  The  following  table  (Standard  H^diS- 
book)  shows  the  usual  frequency  of  stops  as  encountered  in 
various  classes  of  railway  service: 


:s  approximately  as  follows  for  different 


The  rate  at  which  passengers  board  and  leave  cars,  together  witb 
other  minor  conditions,  practically  determines  the  length  of  service 
stops  in  electric  railway  practice,  figs-  2  and  3  show  the  tesulQ 
of  an  investigation  made  in  various  cities  on  this  subject  by  Mr. 
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R.  W.  Harris  (Trans.  A.I.E.E.,  1910)  and  show  the  movement  of 
passengers  boarding  and  leaving  cars,  respectively,  the  number 
of  passengers  boarding  and  leaving  being  plotted  against  the  number 
of  seconds  required  per  passenger  for  various  cities.  It  will  be 
loted  that  practically  identical  curves  were  obtained  by  plotting 
4tta  observed  in  Milwaukee  on  different  days  two  months  apart. 
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3 
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40 

Number  of  FasiepgerB  Boarding'  Cars 
Fig.  2. — Movement  of  passengers  boarding  cars. 


10  15  20  25 

Number  of  Paiseagers  Xeaving  Cars 

Pig.  3. — Movement  of  passengers  leaving  cars. 

Qn^hical  TMn  Schedules  or  Train  Sheets.  Many  factors 
^^ering  into  the  proper  construction  and  successful  operation  of  rail- 
^ys  are  at  once  apparent  from  the  graphical  train  schedule  which 
Pitted  with  time  of  day  in  hours  and  minutes  against  distances 
lieet  or  miles.  It  is  convenient  if  the  coordinate  drawn  through 
I  hour  division  be  made  a  heavy  line  on  the  coordinate  paper 
if  these  sections  be  subdivided  into  sixths  or  twelfths,  repre- 
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seating  lo-  or  s-minute  intervals,  respectively.  It  is  customai] 
to  designate  the  distance  between  stations  in  feet  ot  miles,  am 
the  location  of  any  points  of  special  engineering  interest,  such  n 
branch  lines,  railway  crossings,  city  and  township  limits,  etc.  Slop- 
ing lines  may  then  be  drawn  to  represent  the  progress  of  a  train  FroD 
station  to  station,  as  shown  in  Fig.  4,  reproduced  from  Harding'i 
"Electric  Railway  Engineering."  The  inclination  between  Ihea 
lines  and  the  time  axis  depends  upon  and  represents  graphically  tin 
schedule  speed  of  the  train.    A  chart  made  up  of  such  str^ght  lino 


■^ 


as  shown  in  Fig.  4  is  sufficiently  accurate  for  a  rough  preliminM 
study  of  traffic  possibilities,  power  requirements  and  substaM 
locations,  but  before  exact  time  tables  can  be  adjusted  and  meetiJ 
points  determined,  a  very  much  more  accurate  and  detailj 
graphical  train  schedule  must  be  drawn.  Such  a  schedule  involva 
several  different  schedule  speeds  over  various  sections  of  road  1 
well  as  a  representation  of  the  time  elapsed  in  making  station  it 
is  shown  in  Fig.  $.  Such  a  graphical  schedule  enables  the  engil 
to  predetermine  not  only  the  number  of  cars  necessary  to  maint 
a  given  schedule  and  the  [wsition  of  all  such  ears  at  any  momi 
but  it  also  locates  the  meeting  points  at  the  crossing  of  the  schec 
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results  of  tests  to  determine  the  coefficient  of  adhesion  vary  con- 
siderably. This  variation  is  probably  due  to  the  difficulty  in  as- 
certaining, describing  and  duplicating  the  exact  condition  of  rail 
and  whed  surfaces. 

It  is  common  steam  locomotive  practice  to  assume  0.22  and  0.25 
as  the  coefficient  of  adhesion  with  clean  very  dry  rails.  Because  of 
taque  uniformity  throughout  a  revolution  of  a  driving  wheel 
%her  maximum  values  are  possible  in  electric  railway  practice, 
but  in  order  to  take  full  advantage  of  this  fact  all  sudden  fluctua- 
tions in  torque  such  as  might  be  brought  about  by  improper  ar- 
nogement  of  resistance  taps  or  improper  controller  manipulation 
*st  be  avoided. 

Coefficient  of  adhesion  is  a  quite  variable  quantity  depending 

Bix>Q  the  condition  of  the  rail  and  wheel.     Neglecting  the  use  of 

sand,  a  clean  dry  or  very  wet  rail  gives  the  highest  coefficient  of 

adhesion.    Instances  have  been  noted  where  the  value  of  the 

roeffident  of  adhesion  with  a  thoroughly  wet  rail  has  been  nearly 

tHat  for  a  perfectly  dry  rail,  while  with  the  presence  of  moisture  in 

*D»ounts  scarcely  perceptible  to  the  unaided  eye  it  has  been  found 

to  be  very  low.     Sana,  while  detrimental  in  its  abrasive  effect, 

snproves  poor  adhesion  and  by  its  use  very  high  values  may  be  ob- 

*wied  with  dry  rail.    It  is,  however,  unsafe  to  depend  upon  sand 

Jimprove  adhesion  with  dry  rail  because  the  sand  is  liable  to 

•blown  from  in  front  of  the  wheel.     When  the  wheels  are  slip- 

||^  the   coefficient    of    adhesion    is    the   coefficient  of    kinetic 

lotion  between  driving   wheel  tread  and  rail,  and  its  value  is 

l«8  than  0.10. 

Approximate    Values    of     Coefficient    of    Adhesion    (Without 

Slipping) 

^gadry  rail 0.25  to  0.30;  with  sand  0.3s  to  0.40 

y*» thoroughly  wet  rail o.  18  to  0.20;  with  sand  0.22  to  0.2s 

^Jyand  moist  rail 0.15  to  0.18;  with  sand  0.22  to  0.25 

5^^<*rail 0.15  with  sand  0.20 

'*oow  on  rail o.  10  with  sand  o.  15 


^fl  the  Electric  Journal,  19 10,  Mr.  H.  X.  Kirker  notes  a  test  on 
jjPennsylvania  R.  R.  direct-current  locomotive  developing  a  draw- 
^  pull  of  79,200  lb.  Since  this  locomotive  has  200,000  lb.  on 
«c  drivers  this  indicates  a  coefficient  of  adhesion  of  about  0.40. 

Coefficients  of  Adhesion  Used  in  Design.  It  is  common  practice 
»so  design  a  locomotive  that  it  will  be  able  to  slip  its  driving  wheels 
•Jth  the  best  track  conditions.  The  following  table  from  weight 
[jd  tractive  effort  data  given  by  the  Electric  Journal,  19 10,  shows 
^coefficients  of  adhesion  for  maximum  tractive  effort  used  in  the 
*sign  of  certain  electric  locomotives.  ' 


Locomotive 


Wt.  on 
drivers,  lb. 


Max.  tractive 
effort,  lb. 


Coefficient  of 

adhesion  used 

in  design 


^d  Trunk  A  St.  Clair  Tunnel 

gJ-C.  &  H.R.R.R 

Jttroit  River  Tunnel 

"'  c  0  R  D 


132,000 
141,000 
200,000 
184,000 


43.000 
47,000 
07,000 
61,000 


0.33 
0.33 
0.33 
0.33 
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The  Electric  Railway  Journal,  191 2,  states  that  the  maximum 
tractive  effort  measured  at  the  driving-wheel  treads  of  the  single- 
phase  locomotives  for  the  Dessau-Bitterfeld  line  of  the  Prussian 
Hessian  State  Rys.  is  15,400  lb.  for  the  passenger  locomotive  and 
26,400  lb.  for  the  freight  locomotive,  which  indicates  a  design 
coefficient  of  adhesion  of  about  0.21  for  the  passenger  locomotive 
and  0.19  for  the  freight  locomotive. 

Grades:  Actual,  Ruling,  Virtual 

Actual  Grade.  The  actual  grade  of  a  track  is  its  rate  of  uniform 
rise  or  fall.  JJL  is  equal  to  the  difference  in  elevation  between  two 
adjacent  points  on  the  grade  divided  by  the  horizontal  distance 
between  them,  £.e.,  the  tangent  of  the  angle  of  inclination  of  the 
track  to  the  horizontal.     Grade  is  generally  expressed  in  per  cent. 

Approximate  Value  of  Grade.    As  it  is  easier  to  measure  the  dis- 
tance along  the  track  than  along  the  horizontal,  this  substitution  is 
often  made.    This  introduces  no  serious  error  in  the  case  of  "the 
small  angles  of  inclination  encountered  in  the  usual  railroad  work 
as  the  sine  thus  substituted  is  practically  equal  to  the  tangent. 

Average  Grade.  The  average  grade  of  a  section  of  track  con- 
necting two  given  points  is  the  ratio  of  the  difference  in  elevation 
of  these  two  points  to  their  distance  apart,  measured  in  the  same 
unit.     It  is  usually  expressed  in  per  cent. 

Ruling  Grade.  The  ruling  grade  of  a  road  or  section  of  road  is 
that  grade  which  limits  the  weight  and  length  of  train  to  be  pro- 
peUed  over  that  road  or  section  by  a  given  motive  power.  Its 
value  is  fixed  by  the  traffic  and  economic  conditions  encountered 
on  the  particular  section  under  consideration.  The  maximum 
weight  of  train  to  be  propelled  by  a  given  motive  power  and 
limited  by  the  ruling  grade  is  that  weight  of  train  which  the  given 
motive  power  would  cause  to  move  up  a  continuous  grade  equal 
in  per  cent,  to  the  ruling  grade,  at  some  predetermineid  constant 
speed.  The  grade  of  the  greatest  per  cent,  on  a  section  need  not^ 
always  be  the  ruling  grade  for  that  section.  The  length  of  the 
grade,  the  rates  of  those  grades  preceding  it,  and  the  speed  of  the 
train  on  entering  the  grade  are  of  as  much  importance  as  the  rate 
of  the  grade,  because  a  grade  which  may  be  approached  at  consider- 
able speed  by  a  given  train  may  be  easUy  passed  over  while  a  longer 
grade  of  much  lower  rate  may  be  sufficient  to  stall  the  same  train. 

Momentum  Grade.  A  grade  whose  operation  is  made  possible 
by  the  momentum  of  a  train  which  approaches  the  grade  at  a 
considerable  velocity  is  called  a  momentum  grade  (or  velocity 
grade).  Grades  of  much  greater  rate  than  that  of  the  ruling  grade 
may  be  operated  in  this  way  in  order  to  save  the  expense  of  their 
reduction.  The  argument  against  the  very  extensive  use  of  the 
momentum  grade  is  the  possibility  of  some  unforeseen  condition 
such  as  the  presence  of  a  new  crossing  or  a  new  stopping  place 
which  would  so  reduce  the  speed  of  the  train  that  the  momentum 
of  the  train  would  be  insufficient  to  help  it  over  the  grade.  The 
possibility  that  such  a  condition  will  arise  to  limit  train  movement 
IS  more  remote  on  an  old  road  where  stopping  places  are  fairly 
well  established  than  it  is  on  a  new  road  in  a  rapimy  growing  com- 
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momty.  This  point  is  of  importance  in  fixing  the  ruling  grade  for 
a  newTosA  or  in  reducing  the  rate  on  an  old  one.  In  some  cases  the 
nece^ty  for  reducing  or  removing  a  grade  may  be  foreseen,  but 
the  time  of  its  occurrence  may  be  so  remote  that  it  will  pay  to 
delay  this  reduction  or  removal  till  the  change  is  made  necessary 
liy  developing  conditions. 

Tttiuai  Profile.  The  electric  railway  engineer  usually  finds  it 
ooflvenient  to  study  the  relation  of  grades,  trains  and  equipment 
together  directly  on  the  speed-time  and  distance-time  curves 
(see  Run  Curves)  for  the  train  and  equipment  operating  in  the 
lequired  direction  on  a  typical  run  between  whose  .limits  lies  the 
Itfticular  section  under  investigation.  Unless  the  train  is  operated 
It  constant  speed  (as  by  three-phase  induction  motors)  care  must 
be  exercised  that  the  speed  of  the  train  shall  become  neither  danger- 
ously high  at  the  foot  of  a  grade  nor  so  low  at  the  top  of  a  grade 
that  there  is  a  probability  that  the  train  may  be  stalled  by  a  strong 
head  wind  or  adverse  conditions  of 'track,  or  both.  As  an  aid  in 
adjusting  speeds,  locating  points  where  power  should  be  cut  off, 
brakes  appUed,  or  regeneration  resorted  to,  or  in  studying  the 
shortening  or  reduction  of  grades  for  the  satisfactory  operation  of 
a  given  equipment  and  train  weight  over  a  given  section,  a  virtual 
profile  is  sometimes  plotted.  The  virtual  profile  depends  upon 
lb  following  six  items:  (i)  actual  profile  of  the  section  considered, 

5)  track  curves  in  the  section,  (3)  equipment  (motors  and  gears), 
)  train  weight,  (5)  direction  of  motion  on  the  given  section, 
ft>)  known  speed  at  the  beginning  of  the  section.  It  is  only  possible 
to  construct  a  virtual  profile  for  a  section  at  whose  beginning  the 
«peed  of  the  train  is  zero  or  some  other  definitely  known  value. 


Virtual  Profile   ^^ 
«5l-  -o 


--o-^ 


Feet  or  Miles 
Fig.  7. — Sample  virtual  profile. 


ConstmctiQn  of  tlie  Virtual  Profile.  To  construct  the  virtual 
profile,  the  actual  profile  for  the  track  section  is  first  plotted  with 
deyations  as  ordinates;  then  the  virtual  profile  is  the  locus  of  all 
pwnts,  the  ordinate  of  each  of  which  is  equal  to  the  sum  of  the 
jwresponding  ordinate  of  the  actual  profile  and  the  kinetic  energy 
'«ad  (see  below)  (to  the  same  scale)  of  the  given  equipment  and 
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train,  when  at  the  location  on  the  track  indicated  by  that  point  oi 
the  actual  profile,  and  traveling  in  the  direction  considered.  I 
virtual  profile  thus  constructed  will  generally  be  curved.  Foj 
most  purposes,  however,  it  is  sufficient  to  plot  only  the  points  o 
the  virtual  profile  corresponding  to  the  ends  of  each  grade  (anc 
curve)  and  connect  the  successive  points  thus  plotted  by  straight 
lines  (see  Fig.  7). 

General  Properties  of  the  Virtual  Profile.  The  virtual  profil< 
for  a  given  train  and  section  of  track  touches  the  actual  profile  when 
the  train  is  at  rest,  it  diverges  from  the  actual  profile  where  th< 
train  is  accelerating  (velocity  increasing),  it  is  parallel  to  the 
actual  profile  where  the  velocity  of  the  train  is  constant,  and  i1 
converges  toward  the  actual  profile  where  the  train  is  retarding. 
These  properties  are  briefly  summed  up  in  the  following  table: 

q^    •  Virtual  profile  relative 

^^*^  to  actual  profile 

Standing  (zero  velocity) Touches 

Accelerating  (velocity  increasing) Diverges  from 

Constant  velocity Parallel  to 

Retarding Converges  toward 

Kinetic  Energy  Head.  The  kinetic  energy  head  (also  known  as 
the  velocity  head)  for  a  train  at  any  particular  speed  is  the  height 
to  which  the  kinetic  energy  of  the  train  at  that  speed  would  lift 
the  train  against  the  force  of  gravity  alone.  It  is  equal  to  the 
height  through  which  the  train  acted  on  by  the  force  of  gravity  alone 
would  have  to  fall  from  rest  to  acquire  a  kinetic  energy  equal  to 
that  of  the  train  at  the  particular  velocity  considered.  With  the 
falling  mass  there  is  no  effect  of  rotating  parts,  therefore  in  order 
to  acquire  an  amount  of  energy  equal  to  that  of  the  train  at  any 
instant  a  mass  equal  to  that  of  the  train  and  acted  upon  by  the 
force  of  gravity  alone  must  fall  through  a  greater  height  than  would 
be  necessary  in  acquiring  a  speed  equal  to  that  of  the  train  at  that 
instant.  The  following  derivation  of  the  formula  for  kinetic  energy 
head  is  further  explanatory  of  the  term. 

At  any  instant  £  =  -  7-  = 

in  which  E  =  kinetic  energy  of  train  at  speed  V  . 

m  =  mass  of  train 

V  =  speed  of  train,  feet  per  second 

k  =  ratio  of  linear  inertia  to  total  inertia  of  traift 

(see  page  172) 
vi  =  velocity  of  the  falling  mass  m,  feet  per  second 
therefore 

Vi^  =  -7   which  when  substituted  in   A  =  —  (foi 

k  2g 

a  body  falling  from  rest)  gives 

in  which  h  =  kinetic  energy  head,  feet 

V  =  speed  of  train,  miles  j>er  hpur 
k  =  same  as  above. 
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graphical  solutioa  of  the  last  equation  is  given 


£nmple  of  the  Method  of  Locating  a  Single  Point  on  a  ^^ftual 
^ofile:  Suppose  Fig.  g  gives  the  speed-time  and  distance-time 
iirves  for  a  train  on  a  run  containicg  a,  section  of  track  for  wliieh, 
itli  the  trMn  operating  in  the  direction  considered,  the  virtual 
lofile  is  deared.  To  find  the  velocity  of  the  train  at  any  given 
10 
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point,  first  detenniae  how  far  this  point  is  from  the  beginning  of 

the  nin;   for  an  example,  let  this   be   0.45   mile.      At  the  point 

representing    0.45    mile    on    the    distance   curve,    erect    a   line 

perpendicular  to  the  time 

axis.      The   point    where 

this  cuts  the  speed  curve 

indicates  the  speed  of  the 

train    (approidmately     25 

s     miles  per  hour).     Allowing 

9    0.90  to  be   the  value  of  t 


°°334Z 


r*  (see  page  144)  , 


"  "  ThnifteBna.  ^         ^        '''*  ^'"*  "'  kinetic  energy 

head  is   found   equal    to 

""■  '■  33.3r    ft.      The    point   on 

the  virtual  profile  is  finally  located  by  adding  33.11  ft.  to  the 

elevation  of  the  pcont  at  0.45  mile  from  the  beginning  of  tiie 

l^ain  Resistance 

Train  resistance  may  be  defined  as  the  restdtant  of  the  forces, 
exclusive  of  those  which  are  evidenced  by  internal  losses  in  mot<w 
equipment,  which  oppose  the  motion  of  the  train  at  a  constant. 
speed  on  a  tangent  level  track  in  still  air.  For  convenience  traiaJ 
resistance  at  any  speed  is  expressed  as  the  number  of  pounds] 
tractive  effort  at  the  driving  wheel  treads  necessary  to  beep  thM 
train  moving  at  that  constant  speed  on  tangent  levd  track  in  stw 
air.  From  the  results  of  tests  by  many  investigators  most  of  tim; 
many  train  resistance  formulas  have  been  approximated,  but 
while  many  of  these  formulas  have  been  shown  to  give  values  nearij 
equal  to  those  secured  by  test  on  certain  equipment  and  track  and 
under  certain  conditions,  it  is  not  safe  to  depend  on  any  one  formula 
to  give  very  close  approximations  in  univei^  application.  This  it. 
because  there  are  so  many  conditions  afiecting  the  result.  The, 
variation  of  some  factors,  such  as  temperature  change  in  the' 
bearings,  may  be  comparatively  slow,  while  that  of  others,  suchj 
as  of  air  resistance,  may  be  great  from  moment  to  moment  duM 
ing  the  operation  of  the  train.  One  of  the  points  of  considerablM 
disagreement  among  the  formulas  for  train  resistance  that  have! 
been  devised  is  the  maimer  in  which  the  train  resistance  varies, 
with  the  speed.  At  low  speeds  this  is  of  but  little  intportancai 
compared  with  other  factors,  but  at  high  speeds  it  becomes  one 
of  the  most  important  factors  in  determining  the  speed  for  economic 
operation. 

The  more  recent  train  resistance  formulas  reo^nize  three 
principal  ordinary  components  which  are  conveniently  referred  to 
as  (r)  journal  friction,  (j)  rolling  friction,  and  (3)  air  resistance. 

Journal  Friction.  Journal  friction  of  the  car  wheel  axles  has 
been  found  to  depend  upon  the  weight  and  speed  of  the  train,  and 
as  the  wdght  of  the  train  increases  the  journal  friction  becomes' 
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of  less  imp(Htance  per  tmit  weight  of  train  until  it  reaches  a  lower 
fimitiiig  value  of  about  3.5  lb.  per  ton  weight  of  train.  Lower 
values  of  journal  friction  have  been  secured  in  tests.  The  1904 
ftwxedings  of  the  Am.  Ry.  Eng.  and  Maint.  of  Way  Assn.  states 
that  a  coal  car  with  40  to  50  tons  of  coal  will  not  have  a  journal 
Iriction  of  more  than  2.5  lb.  per  ton,  while  the  same  car  empty  will 
iave  a  journal  friction  of  aoout  5  lb.  per  ton.  As  noted  under 
"Temperature  Effects  on  Train  Resistance,"  the  condition  of  the 
lobricant  has  a  considerable  effect  on  journal  friction. 

Kofling  Friction.  Rolling  friction,  including  rail  friction,  in- 
oases  with  the  speed  of  the  train  and  depends  upon  the  diameter 
tfthe  wheels,  general  design  of  the  truck  and  the  condition  of 
ikels  and  track.  It  is  greater  as  the  wheel  and  rail  surfaces  are 
■ore  imperfect  and  increases  with  tiSick.  irregularity  and  flexibility. 
IVack  irregularity  and  flexibility  are  also  important  in  setting  up 
JKillations  and  concussions,  the  damping  of  which  consumes  energy, 
lo  this  process  flange  friction  is  also  increased.  All  of  these  effects 
tte  so  closely  relat^  that  for  ordinary  work  it  is  impracticable  to 
Kpvate  them. 

Air  Resistance.    Tests  to  determine  the  value  of  air  resistance 

«ve  yielded  the  most  widely  differing  residts.    Its  value  depends 

^n  the  speed  of  the  train,  the  area  of  cross-section  and  lateral 

of  the  locomotive  and  each  car,  the  shapes  of  the  front  and  rear 

of  the  train,  and  the  number  of  cars  composing  the  train. 

Sffect  of  Individual  Car  Weight  on  Train  Resistance.    Train 

tance  has  been  found  to  depend  upon  the  weights  of  individual 

making  up  the  train^  that  is  to  say, 

en  two  trains  of  the  same  total  weight 

Jtt  made  uj)  of  a  different  number  of  cars, 

•■train  resistance  will  be  different  for  the 

2\  Tests    indicate    that  the    train   of 

Jjtt  cars  will  have  the  lesser  train  re- 

■^  and   that   this  difference  is  not 

j*fa(K  due  to  different  air  resistance.    (See 

Ijpial  Friction,  above^  also  Fig.  31  and 

^™^  Resistance  of  Freight  Train,  p.  161.) 

lain  Resistance   Fonnulas.      Of    the 

fJ'Jy  existing   train   resistance  formulas, 

P*  following  are  a  few  in  common  use  in 

P^g  approximations: 

^H^ificance  of  symbols  (special  symbols 
Jjc  explained  with  the  formulas  in  which 
*ey  occur): 

f  =  train  resistance,  pounds  per  ton 

weight  of  train 
5  =  speed  of  train,  miles  per  hour 
W  =  total  weight  of  train,  tons 
n  =  number  of  cars  in  train 

fl,  (iu(hi  flj,  ^4,  etc.  =  area  of  cross-section  of  each  car  in  train, 
square  feet.  This  is  equal  to  the  area  included  within 
the  outline  of  the  projection  of  the  car  body,  car  wheels 
and  horizontal  line  tangent  to  the  heads  of  the  raib. 


kI 


Fig.  id. — Outline  of 
projected  area  consid- 
ered in  air  resistance 
calculation. 
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OQ  a  plane  perpendicular  to  the  center  line  of  the  track 
(see  Fig.  loX 
W.  J.  Davis.     (From  data  given  in  Street  Railway  Journal, 
1902  and  1904.)     The  following  formulas  are  by  Mr.  W.  J.  Davis 
from  tests  by  him  on  the  Buffalo  and  Lockport  Railway  and  other 
data  secured  by  him. 
Significance  of  symbols: 

b  =  constant  component  of  journal  friction,  pounds  per  ton 
weight  of  tram 
=  3.5  for  heavy  loaded  freight  cars 

=  4  for  standard  passenger  coaches  or  large  Interurban  cars 
=  S  to  6  for  Ught  (city)  c»ra  with  grease  lubrication 
c  =  combined  coefficient  of  variable  component  of  journal 
friction  and  rolling  friction,  pounds  per  ton  weight  of 
train  per  mile  per  hour 
=  o.ll  for  heavy  track  construction 
■>  0.13  for  medium  track  construction 
d  "  air  resistance  coefficient,  pounds  per  unit  of  squared 
velocity  [(miles   per   hour)*]  per   square   foot    of  .pro- 
jected area  of  cross-section.    (See  a,  etc,  above   and 
Wind  Pressure,  p.  1&6.) 


—  0.003s  for  open  platform  cars 
=  0.0024  to  0.0030  for  vestibuled  cars 
I  =  coefficient  of  lateral  windage,  ratic 
sistance    to  combined  head   and   1 


arious  areas  of  cross-section, 
i  +  cS-i-  -^-  [a,  +  m  (a,  +  fl.  +  a.  +  etc.)] 
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0  u  io  H)  w  GO  eo 

Spggd.UilHperaouc 
Fig.  i».— Train  resistance,  two-car  train  (Dsvis  formula). 
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Bpeid,  mU,  p. r  Hour 
Pic,  14, — Trsin  resistance,  four-car  train  (Davis  fomula). 
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problems  according  to  the  W.  J.  Davis  formulas.     Following  a 
the  corresponding  formulas; 

Open  Platform  City  Can.     Weight,  8  tons  to  20  tons;  area 
cross-section,  85  sq.  ft.;  max.  speed,  30  miles  per  hour: 


i(" 


1)] 


Inlerurbancars.  Weight, 
:S  tons  to  40  tons;  area  of 
cross-section,  100  sq.  ft.; 
maximum  speed,  60  miles 
per  hour: 

/-  5+0,135  -f^' 
I.  +  0.1  {»  -  r)]        ■ 

Heacy  Interurban  Cars, 
or  Steam  Passenger  Coaches. 
Weight,  40  tons  to  50  tons; 

sq.   ft.;   maximum    speed, 
75  miles  pet  hour: 


/-4 


Figs.  IS  and  16.) 


I. +o.i(.-,)r' 

car,  45  tons  loaded;  area  lA 
speed,  35  miles  per  hour: 

, +o.i(n-i)l        (See  also 
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University  op  Illinois  (Single  Car).  (From  Bulletin  No. 
74,  by  Mr.  Harold  H.  Dunn,  University  of  Illinois,  19 14.)  The 
following  formula  was  developed  from  the  results  of  tests  with  a 
45-ft.,  28- ton  interurban  electric  car: 

,          ,             01  0.00181  aS* 
/  =  4  +  0.222  S  H ^ 

A.  H.  Armstrong.  The  following  train  resistance  formula  by 
Mr.  A.  H.  Armstrong,  Standard  Handbook,  is  based  on  data  secured 
from  many  tests. 

/  =  J  +  ,5  +  ^^^iii+^ii5L^iiH 

>  which  b  =  constant  component  of  journal  friction,  pounds  per 
ton  weight  of  train 

=  —y=  but  having  a  limiting  minimum  value  of  3.5.     (For 

graphical  solution  see  Fig.  17) 
c  =  combined   coeflScient  of   variable  component  of  journal 

friction  and  rolling  friction,  pounds  per  ton  weight  of 

train  per  mile  per  hour 
=  from  0.03  to  0.07.    0.03  for  ordinary  conditions  and  car 

weight.     Higher  values  for  poor  track  conditions  and  car 

weighing  less  than  35  tons.     (For  graphical  solution  of  cS 

see  Fig.  18) 
i=  air  resistance  coefficient.     Varies  from  0.004  for  perfectly 

flat  ends   (no   vestibule)  to  0.0015  with  pointed  ends  of 

extreme  type 
=  approximately  0.002  to  0.0025  ^^r  rounded  end  suburban  car 

and  electric  locomotive  with  sloping  front.     (For  graphical 

1  ,..        f  ^S^^  [i  +  0.1   (n  —  i)]  _,.  ,       V 

solution  of  =j^ — ^ see  Figs.  19  and  20.) 

(Other  symbols  as  on  page  147.) 

^PpHcation  of  the  A.  H.  Armstrong  Formula  and  Coefficients. 
y%s.  21  to  25  give  graphical  solutions  of  train  resistance  problems 
»« particular  equipments  according  to  the  A.  H.  Armstrong  formula 
^  coefficients.  The  values  Assumed  for  end  cross-section  in  the 
^construction  of  Figs.  21  to  25,  inclusive,  are  as  follows: 

88  sq.  ft.  for  20-ton  car 

93  sq.  ft.  for  2 5- ton  car 
loo  sq.  ft.  for  30-ton  car 
113  sq.  ft.  for  40-ton  car 
120  sq.  ft.  for  50-ton  car 
120  sq.  ft.  for  60- ton  car 

A  general  solution  is  further  afforded  by  the  use  of  Figs.  17,  18, 
pand  20,  the  approximate  value  of  train  resistance  of  any  train 
Wng  equal  to  the  sum  of  the  results  obtained  from  Figs.  17,  18, 
W  19  or  20  (19  is  to  be  used  for  speeds  up  to  35  miles  per  hour 
W  20  for  speeds  between  35  and  70  miles  per  hour). 
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John  Balch  Blood.     (From  paper  before  A.S.M.E.,  1903.) 

in  which  E  =  coeflScient  of  sliding  friction 
=  7  for  light  electric  cars 
=  6  for  medium  weight  electric  cars 
=  5  for  heavy  electric  cars 
=  4  for  average  passenger  trains 
=  3  for  heavy  freight  trains 
B  =  coeflScient  of  rolling  friction 
=  0.15  for  light  track  construction 
=  0.12  for  heavy  track  construction 
C  =  coefficient  of  side  resistance 

=  0.0016  for  ordinarily  constructed  cars 
=  0.0014  for  cars  with  vestibules 
.   D  =  coefficient  of  head  and  stern  resistances 
=  0.25  for  cars  of  small  cross-section 
=  0:30  for  electric  cars-  of  medium  cross-section 
=  0.35  for  large  electric  or  suburban  trains 
=  0.40  for  largest  express  trains. 
(Other  symbols  as  on  page  147.) 
Dr.  John  Lundie.     (From  discussion  by  Dr.  John  Lundie, 
Street  Railway  Journal,  1902.) 

Using  the  data  secured  from  tests  on  the  South  Side  Elevated 
Railroad,  Chicago,  and  from  many  others.  Dr.  Lundie  developed 
the  following  formula  which  he  stated  that  he  knew  from  experience 
to  give  correct  results  when  applied  to  trains  weighing  torn  20 
tons  to  100  tons,  and  traveling  at  speeds  up  to  30  miles  per  hour. 
He  further  stated  that  the  formula  conforms  to  results  obtained 
on  heavy  trains  at  speeds  as  high  as  60  miles  per  hour. 


/ = 4 + 5(0.24  +  ^) 


Other  Train  Resistance  Formtdas,  Other  train  resistance 
formulas,  which  have  been  proposed  from  time  to  time,  follow: 
(Symbols,  as  on  page  147.) 

W.  N.  Smith.     7=34-  0.1675  +  0.0025  ^,  5* 

w 

■h/r  X  1  o     1     (0.02»  +  0.25)5^ 

Mailloux.         /  =  3.5  -I-  0.150  S  + ^ — — — 

Sprague.  /  =  4.0  +  0.160  S  4-  ^?r^ 

w 

Berlin  Zossen.  /  =  4  -f-  0.02  S  +  0.0027  5*  ^ 

52 

Clark.  /  =  7.14  -f-  -— 

100 

Rankine.  /  =  2.65  +  0.27  5 

A  C2 

Searles.  /  =  4.82  +  0.005  S^  H — uj— 

w 

Welkner.  /  =  6.25  -h  0.004  S^ 

Wellington.     /  =  4  +  0.005  5»  +  ^^  +  °-°3"^^' 


W 
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» 

Ekgineering  News.   /  =  2  +  - 

4 

DODD.  /  =  7  4-  ^ 

Baldwin  Locomotive  Works.  /  =  3  +  t- 

-v^„  ,            -       .  D      .     .    .           -,  ,   (o.o2» +  0.25)^. 
pSHAiL.        /  =   (— —  +  g)  +  0.15  S  +  ^ ^ ^5» 

in  which       />  =  constant   depending  on  the  diameter  of  car 

wheels  and  journals 
=  between  6  and  9 
g  —  constant  depending  upK)n  condition  of  track 
=  from  2  to  5. 

Eastern  Ry.  of  France.    Assuming  constant  area  of  cross-section 
'  90  sq.  ft.  for 

(7.5  to  20  miles  per  hour)  /  =  3.3  +  o.i6i5 

S* 
(20  to  31  miles  p>er  hour)  /  =  3.6  -f-  0.2585  +  0.259  ^ 

(31  to  40  nailes  per  hour)  /  =  3.6  +  0.2585  +0.173  —z 

(43  to  50  miles  per  hour)  /  =  3.6  +  0.4515  +  115  :^ 

Comparison  of  Formulas  by  Application.     Single-car  train,  40- 

Ei  car;  area  of  cross-section,  no  sq.  ft.  Fig.  26  gives  the  value 
train  resistance  at  speeds  up  to  75  miles  per  hour  according  to 
'«al  of  the  formulas  cited  above. 
;  ?&  21  gives  a  comparison  of  the  application  of  several  train 
*^>nce  formulas  in  me  calculation  of  train  resistance  of  the  car 
■IJ^^ftiich  the  experiments,  from  which  the  University  of  Illinois 
plofa  was  developed,  were  carried  out. 

we-car  train,  40-ton  cars;   area  of  cross-section,  no  sq.  ft. 
%  28  gives  values  over  the  same  range  when  calculated  according 
'  tlie  same  formulas  as  used  in  constructing  Fig.  26.    This  ca? 
I  a  cross-section  of  90  sq.  ft.  and  weighed  28  tons. 
^^  Resistance  of  Express  Passenger  Train.    The  following 
e  of  train  resistance  is  from  an  article  by  Mr.  A.  M.  Wellington, 
inecring  News,  1892.     The  train  was  the  Empire  State  Express 
ting  of  four  loaded  passenger  coaches,  steam  locomotive  and 
ler;  train  weighing  approximately  270  tons  complete.    The  runs 
e  made  on  the  New  York  Central  and  Hudson  River  Railroad 
^een  New  York  and  Albany  over  track  which  was  practically 
a  (having  a  few  slight  grades,  generally  of  o.i  per  cent.).    The 
**  were  made  by  means  of  the  steam  engine  indicator,  and  then 
efficiency  of  95  per  cent,  was  allowed  for  the  transmission  of 
to  the  wheel  treads.    The  values  given  in  the  table  are 
'tted  in  Fig.  29  and  a  curve  is  shown  for  comparison  with  curves 
'  ►tructed  on  the  Armstrong,  Davis  (for  steam  passenger  coaches), 
'"eering  News,  and   Baldwin  Locomotive  Works    formulas. 
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Tlie  values  assumed  are 

no  sq.  ft.  and  wint 
pressure  coefficdeii' 
0.003S-  The  variatiot 
ol  tbe  [Jotted  test  value: 
Indicate  tbe  difficulty  ii 
obtaining  consistent 
tnin  resistance  tests. 

Speed  of  Tnin  mistaii 
trmin.'aLlcs  pounds  p«r  tc 
per  boor      wcigbt  of  trai 
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FlG.  21. — Train  resistance,  single  car  (Armstrong  formula). 
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Pig.  22. — Train  resistance,  two-car  train  (Armstrong  formula). 

Comparison  of  Train  Resistance  Values  Secured  in  Illinois 
J|«tttral  Tests  with  Values  Obtained  by  Formulas.  Fig.  30  shows 
^p  resistance  for  three  13  50- ton  freight  trains  made  up  of  cars 
jwvmg  average  weights  of  30  tons,  45  tons  and  75  tons,  respectively, 
loe  curves  showing  the  values  obtained  from  the  Illinois  Central 
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tests  were  taken  directly  from  Fig.  31.  One  curve  for  each  trai 
was  constructed  on  the  Armstrong  formula,  and  one  curve  for  eac 
train  was  constructed  on  the  Davis  formula  for  freight  trains.  Ot 
curve  was  constructed  on  each  the  Engineering  News  and  Baldw| 
Locomotive  Works  formulas  (neither  ot  these  formulas  givt 
consideration  to  train  weight,  therefore  but  one  curve  is  necessai 
for  each).  The  effective  area  of  cross-section  was  assumed  tol 
ito  Bq.  ft.  and  the  air  resistance  coefficient  for  front  and  rear  J 
taken  as  0.0035.    Since  the  test  curves  were  constructed  on  vstta 
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Staked  at  the  draw  bar,  the  values  obtained  by  the  formulas  were 
reduced  by  the  amount  0.0002445'  (5  being  the  speed  of  the 
1,  miles  per  hour)  for  the  front  air  resistance  which  is  not  in- 

loded  in  the  results  obtained  at  the  draw  bar.  At  40  miles  per 
this  correction  amoimts  to  0.39  lb.  per  ton  weight  of  train. 


Emrineerlng 
'^  Newi 

DftTll 

OaTii 
Ill.Cent. 

Teat 
Davii 
^  Baldwin 
Loco.Worki 

IlI.CeDt. 
Tett 
'Armstrong 
Armstrong 
Armstrong 

"^lll.Ceat. 
Tett 


10  15  aO  25  90 

Speed  of  Train,  Miles  per  Hr. 

30.— Train  resistance,   freight  trains   (yarious   formulas  and  tests). 

^hin  Resistance  of  Freight  Train.    Fig.  31  taken  from  Bulletin 

'43  by  Prof.  Edward  C.  Schmidt  of  the  University  of  Illinois 

jineering  Experiment  Station  gives  values  of  train  resistance 

•frdght  trains  of  various  average  weights  per  car.    The  following 

by  the  same  authority  are  empirical,  yielding  values  whose 

variation  from  those  given  by  Fig.  31  is  0.5  per  cent. 

Qsed  within  the  speed  limits  of  Fig.  31. 

Train  Resistance  Formulas 

When  W  «  IS  tons;/  =>  7.15  +  0.08s  5  +  0.0017s  S 
W  =»  20  tons;/  »  6.30  -f  0.087  5  -f  0.00126  S 
W  =  2S  tons;/  «  S-6o  -f  0.077  S  -f  o. 001 16  S 

W  ="  30  tons;/  =  S.02  +  0.066  S  +  o. 001 16  5 
TT  »»  3S  tons;/  «  4.40  +  0.060  S  +  0.00108  S 
W  —  40  tons;/  a*  4.1S  +  0.041  S  +  0.00134  5 

TF  «  45  tons;/  —  3.82  +  0.031  5  +  0.00140  S 
W  ^  SO  tons;/  =  3.S6  -f  0.024  S  +  0.00140  5 
TF  =  55  tons;/  «  3.38  -f  0.016  5  -f  0.00142  5 
W  "=  60  tons;/  sa  3.19  -f.  0.016  5  +  0.00132  S 
W  s=  65  tons;/  «  3.06  -f  0.014  5  -f  0.00130  5 
W  —  70  tons;/  =  2.92  4-  0.021  5  -f  o.ooiii  S 
W  =  75  tons;/  =  2.87  -f  0.019  S  -f  o. 001 13  S 

The  following  formula  gives  an  approximation  to  the  values  of 
^n  resistance  given  by  Fig.  31  (tne  maximum  difference  being 
^5  per  cent,  which  occurs  at  5  =  21  and  W  =  55). 


^  4.C8  +  0.152PK 


11 
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in  which  /  =  train  resistance,  pounds  per  ton 
W  =  weight  of  car,  tons 
■S  =  speed  of  train,  miles  per  hour. 
These  citrves  (Fig.  31)  may  be  applied  to  predict  the  probable 
total  train  resistance  of  entire  freight  trmns  which  are  either  homo- 
geneous   01   mixed   as  regards  individual  car  weights  and  which 
have  been  in  motion  for  some  time,  when  the  air  temperature  is 
above  30  deg.  F,  and  the  velocity  of  the  wind  is  not  more  than  20 
miles    per     hour. 
Due  to  variatioD 


L  make-up  o_   _.. 
ternal  conditions, 
some  trains    may 
have  a   train     re- 
j     sistance    about    9 
^     pet  cent,  in  excess 
S    of  that  given  by 
"     Fig.  31,  but    this 
is   of   importance 
only  in  rating   the 
motive  power  for 
speeds   under     15    . 
miles  per  hour. 
The   above    re-    . 

0  ordinary  freight  trains  in  regular 
_   .   laturaily  resulted  from  the  traffic  con- 

ditions in  the  Champaign  yards  of  the  Illinois  Central  Railroad. 
The  chief  characteristics  of  these  trains  were  as  follows: 


tained  from  tests  of  thirty-t' 
e  of  such  make-up  a: 


fotal  w 


Mimm 


■erage  weiEht  of  ears  composing  the 

NmnbeV  of  cars  in  theVraJn.".'.".'.'.'.! ! '.       Jflioo  Soioo 

Train  length,  feet iiao.oo  3480- 00 

The  trains  whose  average  car  weights  were  less  than  20  tons  or 
more  than  60  tons  were  composed  of  cars  of  nearly  uniform  weight; 
while  those  whose  average  car  weights  were  between  20  and  60 
tons  were  either  homogeneous  or  mixed  as  regards  the  weights  of  the 
individual  cars.  Presumably,  the  majority  of  the  cars  had  journals 
conforming  to  the  specifications  of  the  Master  Car  Builders'  Asso- 
ciation which  for  some  years  have  required  that  the  size  of  freight 
ear  journals  be  either  354  by  7  in.,  4M  by  8  in.,  S  by  9  in.,  or  515  by 
10  in.,  depending  upon  the  car  capacity.  All  the  cars  had  four 
wheel  trucks  and  it  is  safe  to  assume  that  all  the  car  wheels  were  33 
in.  in  diameter. 

The  track  on  which  these  tests  were  made  is  on  the  Chicago 
division  of  the  main  line  of  the  Illinois  Central  Railroad.  Xt  ex- 
tends from  Gilman  to  Mattoon,  III.,  a  distance  of  91  miles.  "Phe 
maximum  grade  against  north-bound  traffic  was  29  ft.  per  mile 
and  against  south-bound  traffic,  31.9  ft.  per  mile,  and  in  the  91  miles 
there  was  7850  ft.  of  curved  track.    The  track  was  well     con- 
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structed  and  weE  mainUlnedj  and  probably  was  Buch  as  one 
might  expect  to  find  on  main  bnes  of  first  class  railroads.  About 
04  per  cent,  of  the  track  wasof  85-lb.  A.S.C.E.  section  rails  put  down 
m  about  190a,  and  the  remainder  was  of  75-lb.  A.S.C.E.  section 
r^  put  down  in  1894  apd  1S95.     It  was  laid  on  oak  ties  spaced 

»  m.  center  to  center.     About  83  of  the  gi  miles  was  ballasted 

widi  broken  limestone  and  the  rtst,  which  was  in  station  grounds, 

was  ballasted  with  screenings  or  cinders. 

The  purpose  of  the  tests  was  to  determine  the  train  resistance  of 
bdght  trains  in  usual  operation  and  at  the  same  time  to  determine, 
:  if  possible,  a  relation  between  average  car  weight  and  train  resist- 
I  uce  at  any  given  speed.  None  of  the  data  used  in  the  construc- 
;  lion  of  the  curves  was  taken  before  the  train  had  been  in  motion 
at  least  lo  miles.  The  speed  during  the  tests  ranged  from  5  to 
3J  miles  per  hour,  the  air  temperature  from  34  deg.  F.  to  81 
I  d^.  F.  ajid  the  approximate  average  wind  velocity  during  all 
i  but  one  test  was  fess  than  30  miles  per  hour.  The  direction  of 
'  the  wind  relative  to  that  of  the  track  varied  through  360  deg. 
'  during  the  tests.  Each  train  resistance  was  reduced  to  train  re- 
'sistance  on  level  track  by  correcting  for  grade.     The  tests  were 

made    by    ."  '    ' 


ntbe  ti 
of  the  part  of  the  train     s 
behind    the    locomotive    | 

Nation  Between  Ves-    « 
blnile  9iapea  and  Train    | 

'Resistance.    Fig.  33    £ 

^vea  approximate  speed 

tialnrresistance      curves 

lot  a  angle    interurban  . 

car   ifhen    tested     with  S»««a  Miiatp«rHi. 

vestibules       of      various        Curv.      Pront  vestibule       Rear  vestibule 

shapes  at  speeds   up   to  a         Parsbalic  wedge  Staadaid 

.iomilesperhour.    These  B  Standard  Parabolic  wedge 

Icnrves    ^e    from    data  g  sundS  II^^c 

IBven  in  the  report  of  the  E  Flat  Standard  - 

iHectric     Railway    Test  J  Standard  Plat 

kbmmisslon,    1904.  and  g  ^tj^^d^d  ^^^^e^ 

hccording  to  that  report  p,^  3a._Train  resistance  wLth  various  shapet 
Pthey    show    what    train  of  vestibules  (El.  Ry.  Test  CommLssionl. 

resistance    may   be    ex- 
pected   under   ordinary]  conditions   of   service   on  a  level  track, 

especially  the  variation  in  train  resistance  due  to  various  shapes 
|Of^car  ends.  The  tests  on  which  these  curves  are  based  were  per- 
iformed  with  a  dynamometer  car  which  was  operated  on  a  tangent 
Itrack  of  70-lb,  T-rails  laid  on  gravel- ballasted  oak  ties.  The  gen- 
pal  method  of  making  the  tests  was  to  make  determinations  of 
Weed,  electromotive  force  applied  to  the  car  and  current  taken  by 
Itne  car  while  runmog  at  a  practically  constant  speed.     From  the 
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average  values  of  electromotive  force  and  current  and  the  current- 
eflSciency  curve  for  the  motor  equipment  the  power  required  to 
balance  train  resistance  at  that  speed  was  determined. 


Fig.  33. — Standard  vesti-       Fig,  34. — Parabolic  vestibule  (see  Fig.  32). 
bule  (see  Fig.  32). 

The  dynamometer  car  body  was  of  an  interurban  type  32  ft.  long 

without  vestibules,  the  foundation  was  a  pressed  steel  flat  car  of 

.                ,                        '        ,    „  100,000  lb.  capac- 

^ ^6 ^  ^ ft^ni ^       .^y^  ^g  trucks  were 

Baldwin  locomo- 
tive, M.  C.  B.  in- 
terurban type  with 
Gibbs  cradle  sus- 
pension, the  motors 
were  four  Westing- 
house  No.  85,  the 
gear  ratio  was  27  : 
47.  The  total 
weight  of  the    cai 

Fig.  35. — Parabolic  wedge  vestibule  (see  Fig.  32).       was  approximatel} 

38  tons.  The  typ« 
of  vestibules  used  consisted  of  a  "standard,"  "parabolic,"  "para 
bolic  wedge'*  and  "flat."  The  dimensions  of  these  are  shown  bj 
Figs.  33,  34,  35  and  36,  respectively. 

Wind  Pressure.  Wind  pressure  4 
on  a  body  varies  with  the  velocity  I 
of  the  wind  and  the  shape  of  the 
body  presented  to  the  wind.  For 
convenience  it  is  given  in  pounds 
per  square  foot  of  area  projected 
on  a  plane  perpendicular  to  the 
direction  of  the  wind.  (Wind  used 
in  this  connection  indicates  relative 
motion  of  air  and  a  body  in  the 
air.)  The  following  formula  has 
been  found  to  show  wind  pressures 
agreeing  with  experimental  results: 

P  ^dV^ 
in  which  P  =  pressure  on  a  plane 

surface  normal  to  the  direction  of  the  wind,  poiin 
per  square  foot 


Fig.  36. — Cross-section  o£ 
(see  Pig.  32). 
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V  =  actual  velocity  of  the  wind,  miles  per  hour.     (See 

Wind  Velocity  below.) 
d  =  wind  coefficient.     (See  below.) 

.  Wind  Velocity.    When  wind  velocity  is  tested  by  hemispherical 
0^  anemometer 

V  =  log-*  [0.509  +  0.9012  log  v] 
Juirich  V  =  true  wind  velocity 

V  =  actual  vdodty  of  cup  centers. 

Velocity  given  out  by  the  Weather  Bureau  is  obtained  on  the 
ttumption  that 

7  =  3". 

This  gives  a  velocity  higher  than  the  actual  velocity.     By  the 

■Bowing  table  the  true  wind  velocity  may  be  obtained  from  the 

Wodty  given  out  by  the  Weather  Bureau: 

Reported  velocity  True  velocity 

10  9-6 

20  17.8 

30  25.7 

40  33-3 

SO  40.8 

60  48.0 

i  70  SS.2 

i  80  62 . 2 

I  90  69 . 2 

I  100  76.2 

piftd  Coeffident  for  Plane  Surface  Normal  to  the  Direction  of 
P^Dd.  Following  are  values  of  wind  coefficient  determined 
I  various  methods: 

Authority  Wind  coefficient  (d) 

Weather  Bureau o .  004 

"•  J.  Davis o. 004 

Martin o .  004 

Longley o .  0036 

Smeaton o .  005 

J*^ue  of  0.004  is  probably  the  closest  approximation. 

Viuf  Pressure  on  Omer  than  Plane  Surfaces.     (From  a  paper 

ft^ftofessor  Kemot  before  the  Australasian  Association  for  the 

^"'^iicement  of   Science,  1893.)     The   following  determinations 

jjft  made  by  placing  small  models  in  an  approximately  steady 

r^^  10  in.  by  12  in.  cross-section. 

^odidus.    At  any  given  wind  velocity,  the  ratio  of  the  wind 

*sure  on  a  given  body  to  the  pressure  on  a  plane  surface  normal 

the  direction  of  the  wind  and  having  an  area  of  cross-section  equal 

Jjie  area  of  projection  of  the  body  on  a  plane  normal  to  the  direc- 

taj  of  the  wind  is,  for  convenience,  called  the  modulus. 

!^^.    The  pressure  on  a  cube  was  as  nearly  as  possible  the  same 

Jtther  the  direction  of  the  wind  was  parallel  to  a  side  or  a  diagonal 

pwas  0.9  the  pressure  on  a  square  card  equal  in  size  to  a  face  of 

l»cube. 

i^^ngular  Blocks,    x  =  length   measured  in  the  direction  of 

N^d,  y  and  z  =  dimensions  in  other  directions. 

^here  x  «  ay  «  as .* modulus  ==0.8 

I       ^hfire  *  «■  3y  »  3s modulus  -=0.7 

Where  y  —  2*  ■■  22 modulus  =  0.9 

"here  y  —  3*  «  3s modulus  =  0.9 
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A  block  rq)resenting  a  tower  and  having  a  height  equal  to  three 
times  its  width  of  base  gave  a  modulus  of  0.9  when  the  direction 
of  the  wind  was  normal  to  one  face.  When  the  direction  of  the 
wind  was  the  same  as  that  of  a  diagonal  the  effect  was,  as  nearly  as 
could  be  measured,  the  same. 

Pyramid,  A  pyramid  of  square  base,  having  a  height  equal  to 
about  three  times  its  base  gave  a  modulus  of  0.8  when  a  side  was 
presented  to  the  wind.  When  one  angle  was  presented  to  the  wind 
the  total  pressure  was  increased  by  25  per  cent. 

Cylinder,  Cylinders  having  the  elements  of  their  curved  sur- 
faces normal  to  the  direction  of  the  wind  gave  a  modulus  of  0.52.  ^ 

Octagonal  Prism,  The  pressure  on  an  octagonal  prism  was  10 
per  cent,  greater  than  on  the  circumscribing  cylinder. 

Cone,  For  a  cone  having  a  height  equal  to  three  times  the  diame- 
ter of  the  base,  the  modulus  was  0.50. 

Sphere,    For  a  sphere,  the  modulus  was  0.36. 

Hemispherical  Cup,  For  a  hemispherical  cup  (such  as  is  used 
on  Robinson's  anemometer):  when  the  convexity  was  to  the  wind 
the  modulus  was  0.36;  when  the  concavity  was  to  Uie  wind  the  modu- 
lus was  1. 15. 

Retaining  Surfaces,  When  a  surface  parallel  to  the  direction  of 
the  wind  was  brought  nearly  into  contact  with  a  cylinder  or  sphere, 
the  pressure  on  the  latter  bodies  was  increased  by  about  20  per  cent., 
owing  to  the  checking  of  the  lateral  escape  of  air. 

Sheltering  Surfaces.  When  a  9-in.  disk  was  used  as  a  sheltering 
surface  and  a  6-in.  disk  was  placed  2  in.  in  front  of  it,  the  latter 
received  only  two-thirds  the  pressure  it  endured  if  the  larger  disk 
was  removed.  This  reduction  in  pressure  was  perceptible,  though 
to  a  less  extent,  at  all  distances  up  to  9  in. 

Temperature  Effects  on  Train  Resistance.  Train  resistance 
increases  with  an  increase  of  journal  lubricant  viscosity;  thus  when 
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Fig.  37. — Decrease  of  freight  train  resistance  as  train  progresses  (Univ. 

111.  tests). 

the  viscosity  of  the  journal  lubricant  is  increased  by  the  lowc 
of  atmospheric  temperature  an  increased  train  resistance  resi 
Tests  have  indicated  that  at  the  atmospheric  temperatures  of  01 
nary  railway  operation,  train  resistance  decreases  as  the  joun 
lubricant  becomes  less  viscous  with  rising  journal  temperati 
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Other  conditions  being  constant.  When  a  constant  journal  tem- 
perature is  reached  on  a  moving  train,  the  train  resistance  is  at  a 
aimmum  for  the  then  prevailing  track  conditions,  speed  of  train 
ipd  temperature  of  the  atmosphere.  Figs.  37  and  38  by  Professor 
Mward  C.  Schmidt  and  F.  W.  Marquis,  taken  from  bulletin  No. 
»of  the  University  of  Illinois  Experiment  Station,  were  plotted 

■fan  data  secured  from  thirty-two  tests.  The  tests  were 
»de  in  1910  with  trains  on  the  Illinois  Central  Railroad  as  they 
toe  in  regular  service.     Fig.   37 

■ificates  that  the  mean  resistance 

<  speeds  of  from   12  to  35  miles 

p  hour,  and  atmospheric  tempera- 
tees  from  30  to  42  deg.  F.,  became 

Ifflimmum  when  the  train  had  been 

»  motion  for  about  35  miles.  It 
Ijjs  found  that  in  warm  weather 
lAe  minimum  train  resistance  for  a 

™iar  train  was  reached  when  the 

Wn  had  been  in  motion  from  8  to 

»  miles.    Fig.  38  gives  a  compari- 

^  of  minimum   train  resistance 

nes   for  the    two   atmospheric  $  10 

peratures  and  shows  that  the 

unum  train  resistance  in  cold 

ther  is  approximately   25   per 

^greater  than  in  warm  weather. 

affect  of  Temperature  on  Power 

Woa  Load.    Fig.  39,  from  Elec. 

*y.  Journal,  191 1,  shows  the  effect 

Jl  temperature  on  power  station 

^^  It  should  be  noted  that  the 

P'o  used  for  heating  is  included 

*«*  curves.     The  statement  ac 
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Fig.  38. — Effect  of  temperature 
^ , ^, ^^      on  train  resistance  (Univ.  of  111. 

JJB^Pttying  the  curves  is  as  follows:  ^^^^^' 
lAaanmer  the  peak  loads  are  between  70  per  cent,  and  75  per 
'•■t  of  the  winter  loads.  This  is  accounted  for  largely  by  the 
JK  of  Ught  opten  cars  on  many  lines  and  the  fact  that  there  is  no 
yoiand  for  heat,  and  also  by  the  fact  that  the  car  resistance  in 
■*nn  weather  is  less  than  in  cold  weather.  The  last  two  factors 
Produce  a  striking  relation  between  the  load  of  the  system  and  the 
Jtmospheric  temperature,  which  is  well  illustrated  by  the  diagram, 
w  increase  of  approximately  400  kw.  in  the  total  load  on  the  system 
J»ults  from  a  decrease  of  i  deg.  in  the  atmospheric  temperature. 
p*e  night  load  between  i  a.m.  and  5.30  a.m.  averages  about  3000 

ci?  .    summer  months  and  5000  kw.  in  the  winter  months. 

Starting  Resistance.  (Recommended  conclusion,  Com.  Eco- 
tomics  of  Ry.  Location,  Am.  Ry.  Eng.  &  Maint.  of  Way  Assn., 
^w.)  The  starting  resistance  of  a  train  on  tangent  level  track 
["■ries  from  10  to  40  lb.  per  ton  weight  of  train,  depending  on  load- 
^temperature,  character  and  condition  of  the  track  and  train. 

Cttr?e  Resistance.  Curve  resistance  may  be  defined  as  the 
fesultant  force,  due  to  track  curvature,  which  opposes  the  motion  of 
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a  train  at  a  constant  speed  on  a  curved  track.  It  is  equal  to  the 
tractive  effort  at  the  driving  wheel  treads  necessary  to  keep  a  train 
moving  at  a  constant  speed  on  a  circular  curve  of  level  track  in  still 
air,  in  excess  of  that  necessary  to  keep  the  train  moving  at  a  con- 
stant speed  on  tangent  level  track  of  the  same  character  in.  still  air. 
Curve  resistance  is  commonly  expressed  in  pounds  per  ton  weight  oC 
train  per  degree  of  track  curvature.  For  convenience  it  is  also  often 
expressed  in  terms  of  grade,  that  is,  in  terms  of  that  per  cent,  grade 
whose  grade  resistance  would  be  equal  to  the  curve  resistance  under  1 
consideration.  (See  opposite  page.)  Many  values  of  curve  re- 
sistance   have   been   determined   by   experiment,  but  the  vari 
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Fig.  39. — Effect  of  temperature  on  power  station  load  (Boston  Elev.  Ry.) 

ables  concerned  are  such  that  no  rational  method  for  the 
general  calculation  of  it  has  yet  been  determined.  In  ordinary 
cases,  the  value  of  curve  resistance  is  small  compared  with  train 
resistance  and  grade  resistance;  also,  but  a  small  portion  of  the 
total  track  of  any  usual  railway  is  curved;  therefore,  in  ordi- 
nary cases  an  accurate  determination  of  curve  resistance  is  of  minor 
importance.  Curve  resistance  is  due  to  the  increased  slippage  be- 
tween wheel  (tread  and  flange)  and  rail  and  increased  friction  in  the 
moving  parts  of  the  train  on  the  curve.  Its  value  depends  primarily 
on  the  coeflScient  of  friction  between  wheel  and  rail,  length  of  truck 
wheel  base,  gage,  flexibility  and  condition  of  the  track  and  the  con- 
dition of  the  rail  surface.  The  value  of  curve  resistance*  on  moder- 
ate curves  is  nearly  proportional  to  the  degree  of  curvature.  On 
curves  of  short  radius  it  is  less  per  degree  of  curvature  than  on 
curves  of  greater  radius.  On  curves  of  very  short  radius,  such  as  are 
usually  found  in  city  streets,  conditions  are  such  that  no  definite 
statement  of  the  value  of  train  resistance  for  those  curves  can  be 
given. 
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Grade  Compe&satioiL  In  order  that  the  combined  up  grade  and 
curve  resistance  on  a  curve  may  be  equal  to  the  grade  resistance  on 
tangent  track  having  a  grade  equal  to  that  originally  on  the  curve, 
the  grade  is  often  reduced  by  the  amount  whose  grade  resistance 
would  be  equal  to  the  curve  resistance.  This  reduction  of  grade  on 
carves  is  called   "grade  compensation." 

Determination  of  Curve  Resistance  (and  Grade  Compensation). 
He  Committee  on  Economics  of  Railway  Location  (1910)  of  the 
Am.  Ry.  £ng.  and  Maint.  of  Way  Assn.  reported  tests  at  North 
Mountain  Cut-off  and  Mt.  Airy  Grade  on  the  Baltimore  and  Ohio 
IL  R.  to  determine  the  effect  of  curve  compensation.  The  trains 
ned  in  these  tests  were  made  up  of  locomotive,  dynamometer  car, 
Airty  and  thirty-six  steel  hopper  cars  (empty  and  loaded)  and  ca- 
i»ose.  On  portions  of  the  grade  compensated  at  the  rate  of  0.03 
per  cent,  per  degree  of  curvature  the  combined  up  grade  and  curve 
resistance  was  greater  than  on  tangent  track,  while  on  portions  com- 
pensated at  the  rate  of  0.04  per  cent,  per  degree  of  track  curvature 
the  combined  up  grade  and  curve  resistance  was  less  than  on  tan- 
gent rack.  Assuming  that  the  mean  of  these  rates,  0.035  per  cent, 
per  degree  of  track  curvature,  was  f  he  correct  rate  of  compensation 
the  curve  resistance  was  0.7  lb.  per  ton  weight  of  train  per  degree 
of  track  curvature.  In  reply  to  a  circular  addressed  by  the  commit- 
tee to  several  operating  companies  to  determine  the  best  amount  of 
ODipensation,  values  ranging  from  0.02  per  cent,  to  0.08  per  cent. 
pa  degree  of  track  curvature  were  received,  but  the  consensus  of 
opinion  was  that  0.035  per  cent,  gave  the  best  results.  That 
indicates  the  following  formula  as  giving  a  probable  value  of 
curve  resistance: 

c  =0.7!) 
Significance  of  symbols: 

c    —  curve  resistance,  pounds  per  ton  weight  of  train 

D  =  track  curvature,  degrees 
=  5730 
R 

R  —  radius  of  track  curvature,  feet 

=  5730 
D 
a  =  wheel  base  of  a  truck,  feet. 

Other  Formulas  for  Curve  Resistance. 

Significance  of  symbols  as  above. 
Raymond  Formula:  c  =  0.4  +  (0.205  +  0.0350)  D 

=  o.78oZ>  for  5  ft.  truck  wheel  base 
=  o.8i5Z>  for  6  ft.  truck  wheel  base 
=  o.86oZ>  for  7  ft.  truck  wheel  base 
=  0.885Z?  for  8  ft.  truck  wheel  base 
=  0.9 20Z?  for  9  ft.  truck  wheel  base 
=  1.025 Z?  for  12  ft.  truck  wheel  base. 

Blondel-Ditbois  Formula:  c  =  -^-^=  o.66Z>. 

Dupui  Formula:  c  =  r=----—z' 

R  —  32.8 
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Grade  Resistance.  The  component  of  force  along  a  line  parallel 
to  the  center  line  of  the  track,  due  to  the  action  of  gravity  on  a  train, 
is  called  grade  resistance.  Grade  resistance  is  commonly  expressed 
in  pounds  per  ton  weight  of  train.  If  the  direction  of  grade  resist- 
ance is  opposite  to  the  direction  of  motion  of  the  train  (tnat  is,  if  the 
train  is  on  an  up  grade)  the  tractive  effort  will  be  decreased  by  the 
value  of  the  grade  resistance.  If  the  direction  of  grade  resistance 
is  the  same  as  the  direction  of  motion  of  the  train  (that  is,  if  the  train 
is  on  a  down  grade)  the  tractive  effort  will  be  increased  by  the  value 
of  the  grade  resistance. 

Approximate  Value  of  Grade  Resistance.  The  foUowing  for- 
mula will  give  results  slightly  in  excess  of  the  true  values,  but  close 
enough  for  aU  ordinary  traction  work.  The  error  is  greater  with 
heavier  grades,  but  reaches  only  0.5  per  cent,  for  a  10  per  cent, 
grade. 

G    =  2oWn 
in  which  G   —  grade  resistance,  pounds  per  ton  weight  of  train 
W  =  weight  of  train,  tons 
n    =  number  of  per  cent,  of  track  grade 

=  one  hundred  times  the  rise  of  the  track  in  any 
distance,  divided  by  that  distance,  that  iSj  one 
hundred  times  the  tangent  of  elevation  of  the  track. 

This  formula  may  be  stated  in  the  form  of  a  rule: 
Grade  resistance  is  equal  to  20  lb.  per  ton  weight  of  train  per 
per  cent,  of  grade. 

Actual  Value  of  Grade  Resistance.  The  precise  value  of  grade  re- 
sistance may  be  expressed  by  the  formula 

,  ^      2000  Wn 


V^  10,000+  n' 

in  which  the  symbols  are  the  same  as  in  the  preceding  paragraph. 

It  is  interesting  to  note  that  the  above  rule  for  obtaining  the 
approximate  value  of  grade  resistance  yields  the  precise  value  of 
grade  resistance  if  the  per  cent,  grade  used  in  applying  the  rule 
is  the  approximate  per  cent,  grade  obtained  according  to  "  Approxi- 
mate Value  of  Grade,''  p.  142. 


Acceleration 


Linear  Acceleration. 


7       :=    ^^X    1.467    X^ 
32.2 

A 

=  91.1-4  = 


0.01098 

in  which      I    =  force  necessary  for  the  linear  acceleration   of 

the  mass  of  one  ton  weight  at  the  rate  A ,  pounds 
91. 1  =  force  necessary  to  give  the  mass  of  one  ton  weight 
an  acceleration  of  i  mile  per  hour  per  second, 
pounds 
A  ^  rate  of  linear  acceleration,  miles  per  hour  per 
second. 
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Ratio  of  Force  NecesBat?  for  linear  Accelenitiaii  to  Forc« 
Uteeseaiy  for  Total  Acceleratioit.  As  the  total  effective  inertia  of 
[otatJDg  parts  is  greater  than  their  inertia  when  moved  as  a  mass  in  a 
straight  fine,  allowance  must  be  made  for  this  fact  in  the  considera- 
tioQ  of  train  acceleration.  This  is  particularly  true  in  the  case  of 
(kctric  motor  cars,  the  geared  armatures  of  which  often  rotate  at 
casiderably  higher  speed  than  the  car  wheels.  The  ratio  of  the 
"Ibear  inertia"  to  the  "total  inertia,"  including  that  of  rotating 
pwts,  may  be  expressed  by  K,  in  the  expression: 
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Pig.  40.— Force  required  [or  train  acceleratioo. 

!    I  =  force   necessary  for  linear  acceleration,   pounds   per 
ton  weight  of  train 
F  =  total  force  necessary  to  accelerate  the  train,  pounds 

per  ton  weight  of  train 
K  ••  ratio  of  linear  inertia  to  total  inertia  of  train. 
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Force  Necessary  to  Accelerate  Train. 

gi.iA  A 


F  = 


K  0.01098X 

the  symbols  having  the  same  significance  as  in  the  two  preceding 
paragraphs.  A  graphical  solution  of  this  equation  is  given  by  Fig. 
40.  For  a  rough  approximation,  F  =  100  lb.  per  ton  weight  of 
train  per  mile  per  hour  per  second  or  F  =  looA .  This  is  due  to 
the  fact  that  the  value  of  K  approximates  an  average  of  0.9 1 1 . 

Ratio  of  Linear  Inertia  to  Total  Inertia. 

^     ^l W 


W+n.W„(^'  +  n.W.(^^^ 


in  which  W  —  weight  of  car  complete,  car  or  locomotive 
Ww  =  weight  of  car  wheel 

Wa  =  weight  of  motor  armature 

nv>  —  number  of  car  wheels 

»o  =  number  of  motor  armatures 

Rvo  —  radius  of  car  wheel  at  tread 

Ra  =  radius  of  motor  armature 

^    r«,  =  radius  of  gyration,  car  wheel 

fa  =  radius  of  gyration,  motor  armature 

e  =  gear  ratio 

F  =  total  effective  inertia  (=/+») 

/  =  linear  inertia 

i  =  rotational  inertia 

(^  I  *  =  approximately  0.6  for  the  average  car  wheel 

and     \~^)     ^  approximately  0.5  for  the  aver  age  rail  way  armature. 
Substituting  these  values  the  formula  becomes: 

W 


K  = 


W  +  o.6n„ir„  +  o.sn„  Wa  i^\  * 


The  value  of  K  for  a  train  made  up  of  units  (motor  cars,  motor  cars 
and  trail  cars,  or  locomotives  and  trail  cars)  is^  equal  to  the  sum  of 
the  values  obtained  by  multiplying  the  value  of  K  for  each  individual 
motor  car,  locomotive,  or  trail  car  by  the  ratio  of  the  weight  of  that 
particular  car  or  locomotive  to  the  weight  of  the  whole  train. 

Ratio  of  Linear  Inertia  to  Total  Inertia  in  Practice. 

For  electric  locomotive  and  heavy  freight  train,  K  =    0.95 

For  electric  locomotive  and  high-speed  passenger  train,  K  =    0.935 
For  high-speed  electric  motor  car,  K  =  0.935  to  0.91 

For  low-speed  electric  motor  car,  K  =  0.91    to  0.85. 

Economical  Rates  of  Acceleration.  Acceleration  is  limited  by 
the  capacity  of  the  equipment,  the  coe£Qcient  of  adhesion,  and 
the  comfort  of  the  passengers.  Ignoring  the  last,  the  most  eco- 
nomical rate  of  acceleration  for  a  given  section  will  depend  upon 
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(p)  the  frequency  of  service,  (2)  train  weight  and  (3)  the  capadty 
of  ike  equipmeaL  If,  with  the  same  schedule  speed,  the  accel- 
entkm  be  iacieased,  there  will  result  a  slight  saving  in  energy  due 
lo  Ihe  lessened  train  reaistaace  at  the  lower  marinium  speed  at- 
liiied.  There  will  also  be  a  very  important  savinR  in  energy  due 
I  »(i)  the  possibility  of  a  longer  coast,  allowing  braking  to  begin  at 
1  brer  speed  (the  losses  in  braking  being  proportional  to  the 
^ore  of  the  speed  at  which  braking  begins),  and  (2)  with  direct- 
nuTCQi:  equipments  a  saving  in  rheostetic  losses,  which  are  in- 
nnely  proportional  to  the  rate  of  acceleration. 

In  wy  frequent  service,  such  as  is  found  in  the  operation  of  a 
ii^ic  dty  system,  the  rate  of  acceleration  is  practically  only  limited 
I?  the  capadLy  of  car  equipments  and  the  comfort  of  the  passen- 
(m,  because  the  capacity  of  the  generating  and  distributing  system 
Bnot  limited  by  the  peat  loads  of  individual  car  units. 

Where  the  service  ia  infrequent,  as  in  the  case  of  interurban  see- 
.Iws,  the  acceleration  is  often  limited  by  the  low  tension  dlstribu- 
>>°D  and  substation  capadty.     This  limitation  may,  however,  be 


pWly  reduced  with  the  retention  of  a  fair  average  rate  of  accelera- 
*»  and  its  attendiiig  benefits  by  using  a  high  rate  of  acceleration 
™ing  series  acceleration  and  a  considerably  less  rate  during 
Ouliiple  acceleration.  The  effects  of  such  a  procedure  are  shown 
pylhe  typical  speed-time  curves  and  corresponding  current  curves 
?Jig-4i.  In  case  A,  constant  current  per  car  is  used  throughout 
whseries  and  parallel  connections  of  the  motors;  this  is  done  by 
™o»ing  the  controller  to  rest  in  full  series  position  until  the  value 
y  current  is  one-half  of  what  it  was  during  the  series  acceleration, 
^lase  B,  with  a  constant  rate  of  straight  line  acceleration  the  value 
pile  current  pet  car  when  the  motors  are  in  parallel  is  double  that 
[Wen  they  are  in  series;  in  other  words,  the  current  per  motor  is 
rV  constant.  In  case  A,  for  this  particular  run  the  rates  of 
'•'Si^t  line  acceleration  are  approximately  i  -s  and  0,6  mile  per  hour 
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per  second.  In  case  B,  the  straight  line  acceleration  is  approximately 
0.9  mile  per  hour  per  second  throughout.  Practically  the  same 
energy  is  used  in  both  cases  but  the  maximum  value  of  current  in 
case  A  is  only  about  73  per  cent,  of  that  in  case  B,  Another  me  thcwi 
of  using  two  rates  of  acceleration  in  the  series  and  parallel  positions 
of  the  controller  is  an  intermediate  one,  where  the  controller  is 
so  operated  that  the  current  per  car  with  motors  in  parallel  is  greater 
than  when  in  series,  but  less  than  double,  as  in  case  B.  The  maxi- 
inum  current  is  then  somewhere  between  the  values  in  cases  A  and  B, 
An  article  by  F.  E.  Wynne  in  the  Electric  Journal,  1908,  states 
that  for  hilly  joads  this  third  method  is  found  more  satisfactory  than 
the  method  of  case  A,  He  also  states  that  on  runs  of  H  mile  or  less, 
the  acceleration  with  constant  current  per  motor  (case  -B)  is  less 
economical  of  energy  than  either  of  the  other  methods  which  are 
about  on  a  par  with  each  other,  but  on  longer  runs  the  energy  con- 
sumption is  practically  the  same  with  all  three  methods. 

Comfortable  Rates  of  Acceleration.  It  should  be  remembered 
that  the  effect  of  acceleration  on  the  comfort  of  passengers  is  not 
so  much  a  measure  of  the  rate  of  acceleration  as  of  the  rate  of  change 
of  accelerating  rate.     Referring  to  Fig.  42,  the  rates  of  acceleration 

and  of  braking  as  shown  by  the  full  lines  may 
B-^         be  uncomfortable  to  passengers,  due  to    the 

abrupt  start,  application  of  brakes,  and  stop. 

^  However,  if  the  starting  resistance    on   the 

Fig   42.  '  ^^^'  controller  position  be  so  proportioned  as 

to  give  the  start  shown  by  the  dotted  line  at 
A ,  and  the  brakes  be  gradually  applied  and  released  so  as  to  intro- 
duce the  curves  shown  by  the  dotted  lines  at  B  and  C,  very  liigh 
rates  of  acceleration  and  braking  may  be  employed  without  causing 
discomfort  to  passengers.  The  addition  of  these  curves  may 
lengthen  the  time  of  run  by  a  few  seconds,  but  this  must  be  done 
if  high  rates  of  acceleration  be  employed. 

Effect  on  Draft  Gear  and  Other  Car  Equipment  The  above 
remarks,  relative  to  comfort  of  passengers,  apply  equally  to  shocks 
to  draft  gear  in  train  operation  and  to  other  parts  of  the  car  equip- 
ment. To  reduce  these  shocks  it  is  necessary  to  keep  down  the 
rate  of  change  of  accelerating  rate. 

Usual  Rates  of  Acceleration  in  Practice. 

Steam  locomotives,  freight  service 0 .  i  to  0 . 2  mi.  per  hr.  per  sec. 

Steam  locomotives,  passenger  service o. 3  to  0. 5  mi.  per  hr.  per  sec* 

Electric  locomotives,  passenger  service 0. 3  to  o . 6  mi.  per  hr.  per  sec. 

Electric  motor  cars,  interurban  service 0.8  to  1.3  mi.  per  hr.  per  sec. 

Electric  motor  cars,  city  service i .  3  to  i .  8  mi.  per  hr.  per  sec. 

Electric  motor  cars,  rapid  transit  service i .  s  to  2 . 2  mi.  per  hr.  per  sec. 

Highest  practicable  rates 2 . 5  to  3. 0  mi.  per  hr.  per  sec. 

The  average  rate  of  acceleration  on  the  Second  Ave.  line,  N.  Y., 
which  is  representative  of  the  entire  Manhattan  Elevated  system, 
is  1.33  miles  per  hour  per  second.  The  maximum  possible  rate  of 
acceleration  is  limited  by  the  available  tractive  effort  whicli  is 
dependent  not  only  ufK>n  the  motor  equipment  and  weight  of  train 
but  also  upon  the  coefficient  of  adhesion  between  wheel  and  rail. 
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AVEKAGE  AcCELERAnON  DURING  FiRST  TeN  SECONDS,  VaRIOOS 

Weights  op  Train,  Electric  and  Steam 


Number  of  trailers 


Dotal  weight  of  trailers, 
tons 


wnru: 

Two  motor  cars,  total 

weight  71. S    tons; 

I      totil  weight  of  train, 

L     tons , 

pinerage  rate  of  accelera- 
tion of  train  first  lo 
seconds,    miles  per 
I  JKmr  per  second 

I   Locomotive,     weight 
107    tons;    total 
weight  of  train.tons- 
Average  rate  of  accelera- 
tion of   train  during 
first  lo  seconds,  miles 
per  hour  per  second. 


71.50 


2.75 


23.00 


94.50 


2.25 


130.00 


1.40 


47.00 


118.50 


2.07 


154  00 


1.30 


77.00 


148.50 


1.73 


184.00 


1.25 


104.00 


175.50 


1.44 


211.00 


Z.20 


130.00 


201.50 


1.26 


237 . 00 


1. 00 


157.00 


228.50 


I. 12 


264 . 00 


0.97 


The  above  data  are  from  results  of  experimental  tests  at  Schenec- 

'  ,  N.  Y.  (Arnold  and  Potter,  A.I.E.E.,  1902).  The  acceleration 
,  practically  constant  during  the  first  10  seconds  of  each  run 
ita  which  these  figures  were  taken.  The  principal  purpose  of 
ic  test  was  to  afford  a  comparison  between  steam  and  electric 
taction  on  short  haul  suburban  passenger  service.  The  steam 
[hcomotive  was  designed  especially  for  a  high  rate  of  acceleration. 
pUl  axles  of  both  motor  cars  were  equipped  with  motors.  The  run 
tittve  for  the  test  of  the  two  motor  cars  without  trailers  indicates  a 
Maximum  rate  of  acceleration  of  about  s.s  miles  per  hour  per 
■cond  during  the  sixth,  seventh  and  eighth  seconds  of  the  run. 

Qcaphical  Representation  of  Acceleration.  The  slope  of  any 
^Dooient  of  a  speed  time  curve  plotted  between  time  in  seconds  as 
*fa>dssas  and  speed  in  miles  per  hour  as 
•dhates  is  numerically  >equal  to  the 
Ote  of  acceleration  in  miles  per  hour  per 
ttoond. 

fiiektioii  Between  Acceleration  and 
Muimtun  Speed  Attained  During  Run. 
Asnoted  in  the  section  on  Run  Curves,  the 
&>tled  line  in  Fig.  58  (p.  192)  is  the  locus 
of  the  maximimi  speeds  attained  during  a 
nm  of  I  mile,  assuming  coasting,  braking 
Ktardation  and  train  resistance  con- 
rtant.  This  figure,  as  well  as  Fig.  60 
(p.  193),  illustrates  the  fact  that  for  a  given  run  the  maximum 
^>^  is  reduced  by  increasing  the  rate  of  acceleration. 

Personal  Factor  and  Rate  of  Acceleration.  In  an  A.I.E.E.  paper, 
1910,  Mr.  H.  St.  Clair  Putnam  states  that  in  tests  on  the  entire 
Manhattan  (N.  Y.)  system,  the  rate  of  acceleration  of  the  different 
notormen  was  found  to  vary  from  0.9  to  1.47  miles  per  hoiu:  per 
Kcond. 
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bflnoku  of  Rate  of  Accdoatiui  on  EaerEf  ConBumption.  ■ 
43,  from  data  given  by  the  same  paper,  shows  the  importance  I 
a  high  rate  of  acceleration  in  a  typical  run.  This  is  also  showiri 
a  more  general  way  by  Fig.  69  {p,  ai8). 

V^mperis  AccelerometeT.  The  essential  parts  of  the  Wimpof 
accderometer  are  shown  by  Fig.  44.  The  drciUar  metallic  Hi 
pivoted  at  the  center  of  its  drcumference  is  «,  H 

of  uniform  thickness  and  has  a  hole  punched 
through  it  near  its  edge.  The  disk  pivot  also 
carries  a  spur  gear  which  meshes  with  a  like 
gear  fastened  to  a  second  pivot  carrying  the 
index.  A  coil  spripg  on  (he  disk  si>indle 
brings  the  parts  back  to  their  zero  positions 


when  acceleration  or  retardation  has  ceased.     The 

systems  are  so  arranged  that  the  mommts  of  their  n. 

their  respective  axes  of  rotation  are  equal  so  that  the  instrunw' 
when  leveled  up  will  indicate  acceleration  or  retardation  in  thi 
direction  of  motion  independently  of  effects  of  track  curvature  « 
super-elevation  of  the  outer  rail.  Oscillations  are  dampted  fay  tin 
magnetic  field  perpendicular  to  the  disk. 

mprovised  Accelerometer.  A  readily  improvised  accelerometa 
is  shown  in  Fi^.  45.  It  consists  of  an  ordinary  2-ft.  four-W' 
pocket  rule,  a  piece  of  thread  and  a  weight.  Eighteen  inches  of  tb< 
rule  is  opened  out  straight  and  the  thread  is  tied  to  Uiis  part  at  1 
point  iH  in.  from  the  end;  the  weight  is  tied  to  the  other  end  of  tit 
thread,  and  the  remaining  6  in.  of  the  rule  is  opened  and  leveled 
(extending  in  the  direction  of  motion)  till  the  plumb  line  cuts  th( 
j-in.  point  of  the  base  thus  formed.  About  16.J  in.  of  thread  then 
bangs  between  the  point  of  support  and  the  base;  consequentlyi 
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each  increment  of  I  ft,  per  second  per  second  acceleration  or  re- 
tardation will  be  indicated  by  a  corresponding  deflection  incre- 
ncQt  of  approximately  H  in.  at  the  point  at  which  the  thread  and 
the  base  line  intersect.  If  the  thread  be  attached  at  a  point  6h 
k  from  the  upper  end,  and  the  upper  part  of  the  rule  bent  further 
«wr  until  the  plumb  thread  again  cuts  the  3-in.  point,  the  deflec- 
^  of  each  h  in.  due  to  acceleration  or  retardation  will  indicate  i 
'  mile  per  hour  per  second. 

I  Run  Curves 

The  term  "Run  Curves"  is  a  general  one  and  embraces  any  curve 
«  curves  which  show  graphically  the  performance  of  a  train  by  the 
TaJues  of  speed,  current,  voltage,  power,  distance,  or  time  plotted 
IS  ordinates,  usually  against  time  values  as  abscissas,  although  in 
some  special  cases  distance  values  are  used  as  abscissas. 
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Pig.  46. — Typical  run  curves. 


Attn  curves  may  take  into  consideration  all  the  physical  cl^ar- 
J^nstics  of  the  trajck  over  which  the  run  is  made,  and  may  be 
JJJted  between  any  limits  of  time  or  distance.  Especially  for 
^**^^unajy  work,  however,  a  "typical  run"  is  usually  chosen, 
jy'Kenting  average  conditions  of  track  grade  and  time  of  run 
"^start  to  stop. 

^'^tttiniiiation  of  laical  Run.  In  selecting  a  typical  run  it  is 
^venient  to  divide  the  line  into  general  sections,  for  instance, 
*^ty,  suburban  and  interurban,  and  then  use  the  approximate 
ivcRige  length  of  run  in  a  section  for  the  length  of  the  typical  run 
**  that  section.  If  there  are  steep  grades  on  the  line  there  should 
**jb€  a  division  into  grade  sections  and  a  typical  run  selected,  for 
?^  of  these.  If  the  grades  of  a  given  section  do  not  require  brak- 
J?i  the  "average  grade"  should  be  taken  as  the  grade  of  the  typ- 
*^^nm  for  that  section. 

Speed  time  curve  for  a  given  train  starting  from  rest  or  a  known 
'P^  and  running  a  given  distance  to  a  stop  or  other  known  speed 
*^  a  given  schedule  speed.  It  is  convenient  to  divide  the  speed-time 
12 
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curve  up  into  the  following  principal  parts  which  are  given  in  the 
order  in  which  they  are  usually  constructed: 

(i)  Acceleration  with  motor  current  controlled,  called  for  con- 
venience, Straight  Line  Acceleration,     (oa^  Fig.  46.) 

(2)  Acceleration  beyond  Straight  Line  Acceleration,  or  "accel- 
eration on  the  motor  curve."     (abj  Fig.  46.) 

(3)  Stand-still  during  stop  allowed  for  in  the  schedule  speed. 
{de.  Fig.  46.) 

(4)  Braking,     (cdj  Fig.  46.) 

(5)  Coasting.     (6c,  Fig.  46.) 

Scales,  The  speed-time  curve  shows  the  speed  of  the  train  at 
any  instant  during  the  run  and  is  conveniently  plotted  between 
time  in  seconds  as  abscissas  and  miles  per  hour  as  ordinates. 

(i)  Acceleration  with  Motor  Current  Controlled  (Straight  Line 
Acceleration)  oa. 

Slope  of  oa  =  A  = — 1 ,  drawn  to  scale. 

seconds 

in  which  A  =  assumed  acceleration,   miles  per  hour    per 

second,  or  the  acceleration  produced  by  the 
assumed  maximum  current  per  motor,  found 
as  below  under  (2). 

Speed  at  a.  The  approximate  speed  of  the  train  at  a,  Fig.  46,  is 
determined  from  the  motor  characteristic  curve,  and  is  either  the 
speed  corresponding  to  (a)  the  assumed  value  of  maximum  current 
per  motor  in  the  full  parallel  position,  or  to  (b)  the  tractive  effort  T 
determined  in  accordance  with  the  following: 


T^^(.      ^ 


+/-}-c±g) 


n  \0.01098X' 

in  which    T  =  tractive  effort  at  driving  wheel  tread  for  one  motor, 

pounds 

W  =  weight  of  train,  tons 

n  =  number  of  complete  motors  having  similar  charac- 
teristics 

A  =  rate  of  straight  line  acceleration,  miles  per  hour 
per  second 

K  =  ratio  of  Hnear  inertia  to  total  inertia  of  train.  (See 
page  172) 

/  =  average  train  resistance  of  the  train  between  the 
initial  speed  and  an  assumed  probable  approximate 
speed  at  a  (Fig.  46),  pound  per  ton  weight  of  train 

C   =  curve  resistance,  pounds  per  ton  weight  of  train 

G  =  grade  resistance,  pounds  per  ton  weight  of  train, 
(Use  (-h)  before  this  value  for  up  grade  and  (  —  j 
for  down  grade.) 

(2)  Acceleration  Beyond  Straight  Line  Acceleration  (ah).  The 
curve  ab  is  approximated  by  a  succession  of  straight  lines  (aa',  a'  a", 
etc.,  Fig.  46). 

(Slope  to  scale  of  each  of  these  lines)  = 

A  «  o.oio98Ji:(P  -J-C  +  G) 
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in  which,  for  any  part  such  as  €m\ 

Tn 
P  =  -=r  =  tractive  effort,  pounds  per  ton  weight  of  train. 

P,  T,  and/ are  taken  as  the  mean  of  those  values  between  the  speeds 
•  andfl'.  For  this  and  other  parts  of  the  speed-time  curve  be- 
yond the  straight  line  acceleration  portion,  T  is  obtained  from  the 
motor  tractive-effort  characteristic  curve.  The  sign  of  G  is  ( — )  for 
np  grade  and  (-f )  for  down  grade.  The  point  b  will  be  determined 
by  the  final  location  of  the  coasting  line  he. 

Speed  Increment.  The  speed  at  a  is  that  of  the  last  point  pre- 
viously determined  on  the  curve,  and  the  speed  at  a'  is  some  greater 
assumed  speed.  The  amount  of  the  speed  increment  between  a 
and  a'  will  depend  on  the  allowable  error  in  approximation.  For  the 
same  allowable  error,  this  increment  may  be  greater  in  the  steeper 
than  in  the  flatter  portions  of  the  curve. 

(3)  Stop  Period,  de.    The  time  of  run,  in  seconds,  is 

_  miles  from  start  to  stop  X  3600 

miles  per  hour  schedule  speed 
and       od  ^  oe  --  (stop  period  in  seconds) 

(4)  Braking  Line,  cd.  The  slope  to  scale  of  the  braking  line 
(rf  is  equal  to  the  assumed  rate  of  braking  retardation.  The 
point  c  is  determined  by  the  final  location  of  the  coasting  line  be. 

(s)  Coasting  Line,  be.  The  slope  to  scale  of  the  coasting  line  be 
is 

A  ^  o,oiogSK{-f  -  C  TG) 
in  which     /  =  approximate  average  train  resistance  between  the 
probable  approximate  assumed  speeds  at  b  and  e, 
pounds  per  ton  weight  of  train. 
^,  C  and  G  are  the  same  as  before. 

The  line    be  is  placed  so  that  area  (oabcd)  «  area    of    rectangle 

(ohje) 
in  which  oh  =  schedule  speed 
and  oe  =  time  of  run,  includ- 

ing stop. 

(See  pp.  181  and  183  for  more  definite  location  of  coasting  line.) 

Distance-time  Curve.  The  distance  traveled  by  a  train  during 
«ny  definite  period  of  time  is  proportional  to  the  area  bounded  by 
^e  speed-time  curve  for  the  train  during  that  period  of  time,  the 
^dilutes  through  the  extremities  of  that  period,  and  the  axis  of 
time.  This  distance  is  shown  by  the  distance-time  curve  (Fig. 
46)  which  may  be  plotted  between  elapsed  time  in  seconds  and 
ieet  or  miles,  on  the  same  axis  of  time  as  that  used  for  the  speed- 
time  curve. 

Determination  of  Distance  from  Speed-time  Curve.  A  method 
^J  obtaining  the  distance  traveled  during  any  elapsed  time  is 
*8  follows:  The  portion  of  the  speed- time  curve  for  this  period  of 
*^psed  time  is  mvided  into  increments  of  length  depending  upon 
the  degree  of  accuracy  to  which  the  speed-time  curve  is  drawn 
and  the  degree  of  accuracy  desired.  The  distance  increment 
corresponding   to  each  of   these   speed-time  increments  is   cal- 


180 


ELECTRIC  RAILWAY  HANDBOOK 


culated  as  below,  and  all  the  distance  increments  for  any  elapsed 
time  are  then  added  together. 

Vm(h  -  /l) 


ds  = 


3600 


in  which    ds  =  distance  increment,  corresponding  to  any  increment 

of  the  speed-time  curve,  miles 
Vm  =  mean  velocity  of  train  during  that  increment,  miles 
per  hour 
(h  —  h)  =  time  elapsed  while  that  increment  accrued,  seconds. 

The  same  result  may  be  attained  by  the  use  of  a  planimeter, 
integrating  the  area  above  described,  when 

ats 
ds  = 


where 


3600 


ds  =  distance  increment,  as  above,  miles 
t  =  number  of  seconds  per  unit  of  ordinate 
s  =  number  of  miles  per  hour  per  unit  of  abscissa 
a  =  area,  in  square  units. 

units  may  be  inches,  centimeters,  etc.,  as  desired,  but  /,  s,  and  a 
must  all  refer  to  the  same  unit. 
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Fig.  47. — Graphical  construction. of  distance  time  curve. 

Graphical  Construction  of  Distance-time  Curve.  The  following 
graphical  method  for  the  construction  of  the  distance-time  curve  is 
adapted  from  a  description  by  Mr.  J.  G.  Pertsch  in  the  Sibley 
Journal  of  Engineering  in  1910.  The  process  will  be  described  for 
one  short  section  of  the  distance-time  curve,  j^  (Fig.  47),  assuming 
that  the  speed-time  curve  is  complete  and  that  the  portion  Oj  of  the 
distance-time  curve  has  been  drawn.  Through  various  points 
a,  b,  c,  etc.,  on  the  speed-time  curve  (including  especially  the  points 
of  maximum  and  minimum  speed)  draw  lines  parallel  to  OX  and 
intercepting  O  F  at  rf,  e,  /,  etc.  Draw  lines  gj^  hk,  etc.,  perpendicular 
to  OX,  and  at  such  positions  that  the  small  triangles  formed  on  each 
side  of  such  lines  by  the  speed-time  curve  and  the  horizontal  lines 
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y  drawn,  will  be  equal  in  area.  (Note  that  triangle  m 
WKud  equal  triangle  n,  and  i  —  iv,  but  that  triangles  n  and  v  are 
not  necessarily  equal.)  Locate  point  P.  to  the  left  of  O.  and  on  OX 
"'        '  fts  follows: 

d  =  any  distance,  miles 

1  —  the  speed,  miles  per  hour,  whose  ordinate  value  on  the 
speed  scale  is  tne  same  as  that  of  d  on  the  distance 
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1  of  templet  for 


I      TliMi  draw  the  various  lines  Pd,Fe,P/,ttc.    The  average  slope 
<^  tltt  distance-time  curve  between  the  perpendiculars  gj  and  hk 
I    ■ill  lien  be  the  same  as  Pe,  and  the  portion  jk  may  be  drawn  as  a 
Moight  line  parallel  to  Pe  and  joining  the  portion  Ojpreviously 
itva.     The   final  distance-time   curve  will  be  a  smooth  curve 
dnwn  tangent  to  the  short  straight  line  sections  such  as  jk. 
I     Temtdet  Method  of  Locatii^  Coasting  Portion  of  Speed-time 
'  ftovw.     Mr.  F.  S.  Valentine,  in  Elec.  Jour.  (igo8),.  describes  a 
method  of  accurately  locating  the  coasting  curve  which  is  of  con- 
"derabk  value  where  a  large  number  of  speed-time  curves  are  to 
))c  [dotted  for  the  same  value  of  train  resistance,  track  grade  and 
curve  resistance  and  braking  rate,  with  varying  times  and  distances 
bet>reen  stations.     This  method  employs  a  cdluloid  templet,  con- 
tnicted  as  follows:  The  coasting  speed-time  curve  corresponding 
lo  the  total  train  resistance  (including  track  grade  and  curve  resist- 
ance, if  any)  for  the  cases  in  hand  is  plotted  from  a  speed  somewhat 
^eater  than  the  maximum  possible  speed  under  the  given  condi- 
.  fww,  as  shown  in  Fig.  48.     Speed-time  braking  curves  are  drawn 
I  laat  the  given  braking  rate,  as  shown,  at  frequent  intervals.     The 
I  (fataoce-time  curve  for  coasting  is  then  drawn,  with  distance-time 
I  mrves  for  the  various  braking  speed-time  curves.     The  terminal 
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points  of  these  combined  coasting  and  braking  distance-time  curves 
are  shown  by  the  bla.i:k  dots  in  Fig.  4S,  and  through  these  terminal 
points  a  smooth  curve  is  plotted  as  shown.  The  latter  is  a.  locus 
curve  of  any  or  all  coasting  and  braking  distance- time  curves. 
The  coasting  speed-time  curve  is  inscribed  on  thin  celluloid,  and  it 
is  trimmed  so  that  its  edges  will 
coincide  with  the  X  and  Y  aies  of 
the  curve.  This  templet  is  then 
inverted,  keeping  the  Y  axis  of  the 
templet  on  the  Y  aiis  of  the  curve, 
and  in  the  inverted  position  (i) 
the  coasting  distance-time  curve 
and  {2)  the  locus  of  the  combined 
coasting  and  braking  dista.Dce- 
time  curves  are  traced  on  the  tem- 
plet. The  complete  templet, 
which  is  finally  trimmed  along 
F1G.49, — Sample  templet  for  coast-  the  "locus"  curve,  appears  as 
ing  curve.  [„  pjg  ^^      -phe  use  of  the  templet 

is  as  follows,  referring  to  Fig.  50,  Assuming  that  it  is  desired  to 
complete  the  run  shown  in  3.5  minutes  between  stations  1  miles 
apart,  a  needle  point  is  inserted  at  D,  corresponding  to  these  two 
requirements.  Apply  the  templet  so  that  the  curved  edge  will 
always  be  in  contact  with  the  needle  D,  keep  the  Y  aiis  of  the 
templet  always  parallel   with  the  Y  axis  of  the  curve,  and  adjust 


until  the  coasting  distance-time  curve  on  the  templet  is  tangent  to 
the  acceleration  distance-time  curve.  (See  "First  Position  of 
Templet,"  Fig.  50-)  This  point  of  tangency  is  at  the  time  when 
power  is  cut  oS  and  the  train  begins  to  coast.  To  locate  this  time 
more  definitely,  insert  a  needle  point  at  some  point  along  the  Y  axis 
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of  the  templet  and  inverti  the  templet  so  that  its  X  axis  coincides 

lith  the  X  axis  of  the  curve  and  its  Y  axis  touches  the  needle 

gint    (See  "Second  Position  of  Templet"  dotted  lines,  Fig.  50.) 

lie  point  A  at  which  the  coasting  speed-time  curve  on  the  templet 

cosses  the  acceleration  speed-time  curve  is  the  point  at  w&ch 

^Qter  is  cut  off  and  coasting  begins.      In  the   construction  of 

%Bd-time  curves  where  the  item  of  energy  is  concerned,  it  is  most 

fapcvtant  that  the  time  at  which  power  is  cut  off  be  accurately 

temined,  and  in  such  cases  it  is  recommended  that  either  the 

ivc  method  or  the  one  described  below  be  employed. 

location  of  Coasting  Line  when  Brakes  are  to  be  Applied  at  a 

ira  Speed.     Construct  the  acceleration  pK>rtion  of  the  speed- 

ne  curve  and  its  corresponding  distance-time  curve,  and  carry 

oth  to  a  time  somewhat  beyond  that  at  which  it  is  assumed  coast- 
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will  begin.    These  curves  should  be  plotted  on  tracing  paper  or 
\  and  will  be  similar  to  those  shown  by  the  solid  lines  in  Fig. 
(For  figure  51  grades,  see  page  190.)    Next,  on  a  second  sheet 
paper,  and  to  the  same  scales,  begin  at  the  end  of  the  run  and 
lot  the  braking  and  coasting  speed-time  curves  up  to  a  speed  some- 
what in  excess  of  that  where  it  is  assumed  coasting  will  begin.    The 
ince-time  curve  for  braking  and  coasting  should  also  be  plotted 
the  second  sheet,  beginning  at  the  proper  distance  ordinate  for 
end  of  the  run  (1.7  miles  in  Fig.  51),    The  curves  on  the  second 
it  will  appear  as  shown  by  the  dotted  lines  in  Fig.  51.    Then 
the  second  sheet  under  the  first,  and  keeping  the  base  lines 
lading,  slide  one  under  the  other  until  the  two  speed-time 
^es  cut  one  another  on  the  same  vertical  ordinate  as  that  of  the 
It  of  tangency  of  the  two  distance- time  curves  (cc',  Fig.  51). 
speed-time  and  distance-time  curve  to  the  right  of  this  ordinate 
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on  the  second  sheet  (dotted  lines,  Fig.  51)  may  now  be  traced  on  the 
first  sheet  and  the  curves  are  complete  for  the  run,  and  show  not 
only  the  time  at  which  power  should  be  cut  off  in  order  to  coast 
down  to  the  given  speed  for  appl3dng  brakes,  but  also  the  total  time 
required  for  the  run  under  the  assumed  conditions. 

Speed-time  Curve  for  Train  over  Given  Section  of  Track  with 
Varying  Grades  and  Alinement  When  it  is  required  to  plot  a 
sp>eed-time  curve  for  a  train  over  a  given  track,  taking  into  considera- 
tion the  effect  of  definite  track  grades  and  curvature,  it  is  conven- 
ient to  divide  the  total  distance  into  consecutively  numbered  sec- 
tions, each  of  which  is  uniform  throughout  its  length  with  respect 
to  track  grades  and  ciurvature.  A  tabulation  shoidd  then  be  made, 
with  the  following  headings  (compass  points  are  relative  only). 

I.  Consecutive  number  of  section  (beginning  at  west  end). 
11.  Length  of  section  (feet  or  miles), 
in.  Percentage  of  track  grade  ("-|-"  for  down,  "~"  for  up 

grade  in  east-bound  direction). 
IV.  Degree  of  track  curvature. 
V.  Track   curvatiure  expressed   as   "equivalent  grade"    (as 

explained  below:  always  with  "  —  "  sign). 
VT.  Net  equivalent  grade,  east-bound. 
VII.  Net  equivalent  grade,  west-bound. 

As  the  values  of  resistance  due  to  track  curves  and  that  due  to 
grades  are  functions  only  of  the  degree  of  curvature  and  the  per- 
centage of  grade,  respectively,  the  degree  of  track  curvature  (CoL 
IV)  may  be  expressed  in  terms  of  * 'equivalent  grade"  (Col.  V)  as 
follows: 

,      nc 

.  "  .    ^  ^^ 

in  which    n  =  number  of  degrees  of  track  curvature 

c   =  track  curve  resistance,  pounds  per  ton  per  degree 

of  curvature.     (Seep.  169.) 
^  =  "equivalent  grade,"  per  cent.,  which  would  cause 

a  resistance  equal  to  the  curve  ». 

If  the  values  in  Cols.  Ill  and  V  have  been  given  "  +  "  or  "  —  " 
signs  as  above,  their  algebraic  sums  will  give  the  proper  values  for 
Col.  VI;  reversing  the  signs  in  Col.  Ill  and  adding  the  values  in 
Col.  V  will  give  the  proper  values  for  Col.  VII. 

Using  Cols.  VI  and  VII  values  (multiplied  by  20)  for  G',  the 
formula  for  acceleration  becomes 

A  =  o.oi098it(P  -^fjiG') 
with  but  three  variables  instead  of  four,  as  before. 

The  speed-time  curve  may  then  be  plotted  as  before  described, 
bu^  the  distance-time  curve  must  be  plotted  at  the  same  time. 
The  distance- time  curve,  in  connection  with  the  distance  values 
as  shown  in  Col.  II  of  the  tabulation,  will  show  the  time  ordinate 
at  which  the  acceleration  formula  must  change  by  the  substitution 
of  a  new  value  for  the  equivalent  grade,  G\  It  is  advisable  to  use 
the  method  described  on  p.  183  to  locate  the  coasting  and  brak- 
ing curve.  The  completed  curve  will  be  similar  to  that  shown  in 
Fig-  51. 
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I    Qttrt  of  Acceleration  Coefficients.    Where  a  considerable  num- 

I  teof  speed-tiine  curves  are  to  be  plotted  for  the  same  equipment, 

I  fa  "dart  of  acceleration  coefficients"  as  proposed  by  Mr.  C.  0. 

ecomes  most  convenient.    This  chart, 

y  Fig.  52,  is  plotted  with  rates  of  accel- 

»  per  hour  speed  as  abscissas.    Curve 
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Tn 
Ap  is  the  solution  of  Ap  =  0.01098XP  with  P  =  zzir  f or  the  partic- 

W 

ular  equipment  in  hand,  values  of  tractive  effort  being  taken  for 
various  speeds  from  the  motor  characteristic  curve.  Curve  Ap 
may  be  plotted  between  the  limits  of  maximum  possible  motor  cur- 
rent and  maximum  safe  motor  armature  speed.  The  dotted  line 
Ap  corresponds  to  the  current  per  motor  (constant  or  not,  as  as- 
sumed) during  the  period  in  which  it  is  under  control,  by  rheostat 
or  otherwise.  Curve  ^4/  is  the  solution  of  ^/  =  o.oiog'^K(^  — /)  "with 
/  the  value  of  train  resistance  for  the  particular  equipment  at  various 
speeds.  Curve  A/  is  the  same  as  Curve  ^4/  reproduced  above  the 
X  axis.  Curve  ^If  is  the  solution  of  ^f  =  o.oi098iir(P  —  /)  — 
0.01098XP  —  0.0109822/,  and  therefore  its  ordinates  are  the  alge- 
braic sum  of  the  ordinates  of  Curves  Ap  and  A/j  or  the  ordinate 
distance  (which  may  be  measured  with  a  pair  of  dividers)  bet-ween 
curves  Ap  and  A/,  Lines  are  drawn  above  and  below  and  parallel 
to  the  X  axis,  at  ordinate  distances  therefrom  equivalent  to  solu- 
tions of  ^G  =  o.oio98iir(±  G),  and  marked,  as  at  the  right  of  Fig. 
52,  with  the  per  cent,  grade  to  which  they  correspond. 

If  track  curvature  be  expressed  as  "equivalent  grade,"  as  ex- 
plained on  p.  184,  the  chart  may  be  used  for  any  solution  of  the 
acceleration  formula  A  =  o.oio98iir(P  —  f  —  c  ±G)  for  the  par- 
ticular equipment  in  hand.  For  the  rate  of  acceleration,  "with 
motor  current  applied,  at  any  speed  and  on  any  (equivalent)  grade, 
take  the  ordinate  value  (on  that  speed  ordinate)  between  curve  Af' 
and  the  line  for  that  particidar  grade.  For  the  rate  of  acceleration, 
during  coasting,  take  the  ordinate  v^ue« between  A/  and  the  grade 
line.  Ordinate  values  measured  below  Af  or  Af  are  positive,  above 
are  negative.  The  speed  abscissa  on  which  curve  Af  cuts  any  grade 
line  indicates  the  speed  at  which  A  =  O,  or  the  maximum  uniform 
speed  which  will  be  maintained  on  that  grade,  with  current  on. 
Likewise,  the  speed  abscissa  at  which  A/  cuts  any  grade  line  indi- 
cates the  maximum  uniform  speed  at  which  coasting  will  be  main- 
tained on  that  grade.  The  following  solutions  have  been  indicated 
on  Fig.  52. 

Rate  of  acceleration,  power  on,  at  33  miles  per  hour,  on  2  per 
cent,  down  grade  =  1.32  miles  per  hour  per  second  (length  of 
ordinate  ab). 

Rate  of  retardation,  coasting,  at  37  miles  per  hour  on  ly^  per 
cent,  up  grade  =  0.46  miles  per  hour  per  second  (length  of 
ordinate  cd). 

Maximum  constant  speed,  current  on,  on  0.5  per  cent,  up  grade 
=  49.5  miles  per  hour  (e). 

Maximiun  coasting  speed  on  i  per  cent,  down  grade  =  44.0  miles 
per  hour  (;). 

In  the  practical  use  of  the  chart,  the  ordinate  value  between  curve 
Af  or  A/  and  a  grade  line  is  most  conveniently  measured  by  a  pair 
of  dividers,  transferring  the  measurement  to  the  A  scale  at  the  left 
of  the  chart.  If  some  care  be  exercised  in  the  original  construction 
of  the  chart,  and  it  be  made  to  a  suffidently  large  scale,  rates  of 
acceleration  may  be  very  rapidly  determined  to  an  accuracy  of 
Hoo  mile  per  hour  per  second. 
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runs  with  the  same  equipment,  especially  with  vaiying  track  grades 
and  lengths  of  run,  a  most  convenient  method  is  one  described  by 
Mr.  C.  O.  Mailloux  (Trans.  A.I.E.E.,  1902).    A  given  motor  start- 
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iBgcuitent  having  been  assumed,  a  number  of  accelerating  speed- 
time  curves  are  drawn,  for  level  track  and  various  percentages  of 
up  and  down  grades;  these  are  drawli  to  the  same  sodes  as  have  been 
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chosen  for  the  final  curves;  corresponding  distance-time  curves  an 
idso  drawn  on  the  same  axes  (Fig.  54).  On  a  second  sheet,  to  thi 
same  scales,  coasting  speed-time  curves  and  distance-time  curve 
are  drawn,  for  level  track  and  various  grades  (Fig.  55).  Some  can 
should  be  exercised  in  constructing  these  two  charts  accurately 
Curves  on  both  charts  should  be  drawn  between  the  limits  of  the 
maximum  grades  to  be  encountered,  and  a  sufficient  number  oi 
both  accelerating  and  coasting  curves  should  be  drawn  so  that  the 
curves  for  intermediate  grades  may  be  readily  interpolated  with 
sufficient  accuracy  when  tracings  are  being  made. 

Having  tabulated  the  uniform  sections  of  track,  as  suggested 
on  p.  184,  the  final  speed-time  curve  is  drawn  on  tracing  paper, 
over  the  proper  one  of  tne'  two  charts  described.    To  trace  the  speed- 
time  curve  for  any  track  section,  move  the  chart  under  the  tracing 
paper  (with  time  axes  coinciding)  until  the  speed-time  curve  on  the 
chart  for  the  (equivalent)  grade  of  the  track  section  falls  on  the  point 
of  speed  and  time  known  at  the  beginning  of  that  section.     Trace 
this  curve  to  the  point  where  its  corresponding  distance-time  curve 
indicates  that  the  length  of  the  track  section  has  been  covered,  and 
repeat  for  the  various  track  sections  tabulated.    It  is  advisable 
that  the  retardation  portions  of  each  run  be  plotted  backward  from 
the  stop,  as  described  on  p.  183,  and  here  also  the  same  method 
of  tracing  may  be  used. 

The  fiml  distance-time  curve  may  also  be  traced  from  these 
charts,  if,  after  the  speed-time  curve  section  has  been  drawn  for  a 
given  track  section,  the  chart  be  moved  under  the  tracing  along  a 
vertical  ordinate,  keeping  time  axes  parallel,  until  the  proper  dis- 
tance-time ciu^e  coincides  with  the  terminal  point  on  the  end  of  the 
curve  as  drawn  for  the  preceding  section;  then  trace  for  the  proper 
distance. 

The  run  curve  shown  in  Fig.  51  was  constructed  by  this  tracing 
method  from  the  charts  shown  in  Figs.  54  and  55.  In  the  data 
assumed,  and  given  below,  the  breaks  in  grades  have  been  made 
much  sharper  than  are  practicable,  simply  in  order  to  bring  out  in  a 
small  figure  the  effects  of  changes  in  grade  on  the  speed-time  curve. 
The  data  assumed  for  Fig.  51  are  as  follows: 

Section  Length  Grade 

o-a  0.20  level 

a~b  0.25  I  per  cent,  up 

b-d  0.30  H  per  cent,  down 

d-e  0 .  95  level 

Braking  to  begin  at  40  miles  per  hour. 

Straight  Line  Speed-time  Curves 

(From  A.  H.  Armstrong,  Standard  Handbook,  1910,  Sec.  13, 
Pars.  66  to  76,  inc.) 

The  problem  of  train  acceleration  deals  with  the  movement  of  a 
given  weight  over  a  given  distance  within  a  specified  time.  As  it 
is  impracticable  to  start  and  stop  the  train  instantaneously,  it  is 
necessary  to  deal  with  some  finite  rate  of  acceleration  and  braking, 
thus  giving  rise  to  the  simple  form  of  speed-time  curves  shown  in 
Fig.  56.  The  speed-time  curve  is  here  shown  in  the  simplest  form, 
acceleration  being  carried  on  at  constant  rate  up  to  the  point  of  1 
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.MiplyiDg  brakes,  which  are  so  applied  as  to  also  give  a  coDstant  rate 
Utoalang.    The  area  enclosed  within  the  triangle,  A,  B,  C,  h 
inportioDal  to  the  distance  travelled,  the  distance  coveted  up  to 
^f  instant   being    repre-      ^ 
ided  by  the  distance-time    .. 
■It  shown.     Thus,  with    S 
It  constajits    chosen    in    g 
k.  ;6,  a  maximum  speed    ^ 
( 60  miles  per   hour  is  ^^ 
qoired  to  obtain  an  aver-   ^ 
speed  of  30  miles  per      -^^       to      «       m      ao      loo     uo 
r  that  is,   covering  a  Sgcmuti 

■aJice  of  5280  ft.  in  120       Fig.  s6.— Typical  siraiKht  line  speed  and 
Slnds.  distance  curves  (no  coasting). 

Thesimple  fonnulasrequiredin  the  construction  of  fundamental 
ted-time  curves  are  given  as  follows : 
I1  represent  velocity  in  feet  pet  second 

/,  the  force  producing  acceleration  expressed  in  pounds  per  ton 
t,  the  time  interval 

■.the  mass  (m  — —  -  ),  and 

,  the  weight  in  pounds. 

M  _ji_  fig 


Iw  J  =  o.oi6i/i 

bmore  convenient  to  express  velocity  in  miles  pet  hout. 
■ra  S  =  0.6821-,  in  miles  per  hour 

Eabstituting  S  =  0.0109S//. 
fittince  covered  in  any  given  time  may  be  expressed 

^  /''  X  32.a 
2  X  =000 

=  0.00805  fl* 
In  practical  operation  it  is  not  possible  to  choose  the  rate  of  accel- 
adon  and  braking  with  such  nicety  as  shown  in  Fig.  56,  a  greatet 
'  icss  period  of  coasting  being  required.  Introducing  coasting 
ves  rise  to  the  form  of  speed-time  curve  shown  in  Fig.  57,  showing 
•w  friction  ratesr  F  =  o,  15  and  30  lb.  per  ton  tespectively. 
ith  no  friction  the  speed-time  curve  ABCD  b  consttucted,  the 
ctd  being  maintained  constant  at  40  miles  per  hout  during  the 
Uting  period.  With  15  lb.  per  ton  friction,  the  speed-time 
tie,  AEGD  is  formed,  and  with  30  lb.  pet  ton  ftiction  the 
wd-time  curve  AFHD.  The  introduction  of  friction  occasions 
falling  off  of  speed  during  the  coasting  period  proportional  to 
e  friction  value  taken,  which  for  the  sake  of  simpudty  Is  here 

at  all  speeds. 
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The  speed-time  curves  shonii  in  Figs.  56  and  57  both  indicate 
the  completion  of  the  run  of  5280  ft.  in  120  seconds,  although  in  one 
case  the  rate  of  acceleration  was  that  produced  by  65.7  lb.  per  ton. 
and  in  the  other  case  by  100  lb.  per  ton.  These  curves  are  o£  equal 
area,  as  the  distance  in  each  case  is  5280  ft.,  and  it  thus  becomes 
possible  to  produce  any  number  of  speed-time  curves  for  a  given 
distance  and  elapsed  time 
M  I    by  varying  the  rate  of  ac- 

Su  celeration  with  consequent 

a„  I    variation  in  time  of  coast- 

s'" A  more  extended  set  of 

g  10  curves  is  given  in  Fig.  58, 

1  ior   the   same  distance  of 

gsMfli,  °    '    "''''     covered    in     120 

Fic.  s7._Typi«l  straight  lEre  5p*ed-time     seconds,  the  rate  o£  acceler- 
curves  (vanous  coasting  leeistsnces).  ation    V&tyit>g    from   0.7IJ 

miles  per  hour  per  second  . 
a  infinite  number  of  miles  per  hour  per  second  as 


A  traiD  redstance  value  of  i;  lb.  per  ton  is  assumed 
all  speeds  and  the  dotted  curve  ^  B  is  the  lod  of  the 
spee&  reached  with  the  different  rates  of  acceleration.  The  highest 
maximum  speedrefjuiredisobtained  with  no  coasting,  and  the  mini- 
mum speed  is  obtamed  with  an  infinite  rate  of  acceleration.  The 
pounds  per  ton  corresponding  to  the  different  accelerating  rates  are 


Pig.  sS. — Typical  straight  line  speed-time  curves  (various  rates  of  accd- 

given  as  including  15  lb.  per  ton  train  resistance,  hence  the  net  trac 
tive  effort  values  corresponding  to  the  rates  of  acceleration  irtdicated 
are  15  lb.  per  ton  less  than  the  figures  given. 

Instead  of  plotting  similar  curves  for  distances  other  than  5280  ft., 
advantage  may  be  talcen  of  the  fact  that  the  area  enclosed  by  the 
speed-time  curve  is  proportional  to  the  distance  travelled  and  the 
coordinates  are  proportional  to  the  square  root  of  the  enclosed  area.  - 
It  is  convenient  therefore  to  plot  a  full  series  of  curves  for  one  dis- 
tance, preferably  one  stop  per  mile,  that  is,  a  distance  of  5280  ft. 
run,  and  apply  the  resultssoobtained  for  any  other  distance  by  using 
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i  m,  heloT  expTessing  the  relation  of  the  square  roots  of  the  distance 
I  traveled.    This   is   shown  in  Fig.  5g,     wliere  ABCD   represents 

_l  J  i^g^  ^^  ^^^  ^^p  p^  ^^^   AFIL  two  stops  per 

a  factor  of 


stops    per    nule    g 
1  factor  of   -7^  I 

..     and     AGJM      -,— ^— «      „     »     w.     i*     i« 

«  stop  m    Hi   miles  a«»u4i 

■with  »  factor  (rf-\/rs  -        Pig.  59.— Similar  straight  line  Epeed-lime 
I.32J.  cvirvea  (vaiioua  distaaces). 

Referring  to  Fig.  5S.  it  is  obvious  that  a  similar  sheet  could  bepre- 
pofcd  for  any  elapsed  time  other  than  no  seconds,  u^ng  the  same 
train  resistance  and  braking  values  of  15  and  15a  lb.  per  ton 
iBpectively. 

^.  60  is  constructed  to  show  the  time  limits  imposed  by  15  lb.  per 
ton  train  resistance,  and  150  lb.  per  ton  braking  for  any  length  of 
Ru  and  any  rate  of  acceleration.    The  dotted  curves  indicate  the 


i  fto.  6a — General  rtraight  liae  apeed-timB  curves  (train  resistance,  is  lb.  per 
t  ton;  braking  resistance.  150  lb,  per  toa). 

bd  of  the  several  maximum  speeds  reached  with  different  accelerat- 
L fug  rates  for  a  run  made  in  a  given  elapsed  time;  thus  the  dotted 
^mrve  terminating  at  80.7  lb,  per  ton  is  a  reproduction  of  the  similar 

dotted  curve,  AB,  given  in  Fig.  58,  and  gives  the  maximum  speed 
'  reached  with  any  rate  of  acceleration  for  a  run  of  5280  ft.  in  tao 

Kcondswithis  lb.  pet  ton  train  resistance  and  ijolb.  braking  effort. 
,  Similariy,  the  dotted  curve  temunating  at  100.4  lb.  pertongivesthe 
■  la 
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Hmiting  maxinnim  speeds  reached  with  any  rate  of  acceleratioj 
when  a  run  of  5280  ft.  is  accomplished  in  no  seconds  with  th^ 
same  values  oi  train  resistance  and  braking,  etc 

The  full  line  CD  gives  the  angle  made  by  a  coasting  line  at  thi 
rate  of  15  lb.  per  ton  train  friction.  Thus  in  a  nm  completed  in  1 2c 
seconds,  the  minimum  accelerating  rate  corresponds  to  80.7  lb.  pei 
ton  (gross)  and  no  coasting  is  introduced,  braking  commencing  as 
soon  as  acceleration  ceases.  If  a  higher  rate  of  acceleration  than 
80.7  lb.  per  ton  be  used  for  a  cycle  completed  in  120  seconds,  for  ex- 
ample 132  lb.  per  ton  (gross),  coasting  must  be  introduced  between 
the  accelerating  and  braking  lines.  This  coasting  line  my  be  plotted, 
with  132  lb.  per  ton  acceleration,  by  drawing  a  line  parallel  to  full 
line  CD  (Fig.  60)  starting  at  intersection  of  acceleratmg  line,  132  lb. 
per  ton  and  dotted  line  to  80.7,  and  terminating  at  intersection  with 
braking  line  ending  at  120  seconds. 

By  the  use  of  Fig.  60  it  becomes  possible  to  determine  the  time 
required  to  make  a  nm  over  any  distance  with  any  rate  of  accelera- 
tion, provided  the  train  resistance  is  15  lb.  per  ton  and  braking  cor- 
responds to  150  lb.  per  ton  retarding  efifort. 

Example:  Given  a  distance  of  8000  ft.,  train  resistance  15  lb.  per 
ton,  braking  effort  150  lb.  per  ton,  tractive  effort  gross  67.4  lb. 
per  ton  (including  15  lb.  per  ton  train  resistance),  what  is  the  mini> 
mum  time  required  to  perform  the  run  and  what  maximum  speed  is 
reached? 

Solution:  From  Fig.  60,  minimum  elapsed  time  with  67.4  Jb. 
tractive  effort  is  130  seconds  with  no  coasting. 


Ratio  of  distances  =  \j =  1.23 

\S280 


5280 

Hence  for  8000  ft.  time  of  run  =  130  X  1.23  =  160  seconds. 

Maximum  speed  for  5280  ft.  =  55.6  miles  per  hour. 

Hence  for  8000  ft.  speed  =  55.6  X  1.23  =  68.5  miles  per  hour. 

In  actual  practice,  a  certain  amount  of  coasting  is  necessary; 
hence,  the  run  of  8000  ft.  would  be  made  in  somewhat  more  than  the 
minimum  possible  limit  of  160  seconds,  or  else  the  tractive  effort 
should  be  mcreased  to  allow  for  a  higher  rate  of  acceleration  that 
would  permit  of  some  coasting. 

Fig.  60  is  of  universal  application  as  it  is  not  limited  to  any  par- 
ticular type  of  motive  power  having  its  own  peculiar  speed  character- 
istics. Moreover,  the  values  of  15  lb.  and  1501b.  chosen  for  train 
resistance  and  braking  effort  respectively  are  conservative 
operating  values  obtaining  in  practice.  The  maximum  speed  i 
which  is  reached  during  the  performance  of  a  service  iiuii 
will  be  little  influenced  by  the  type  of  motive  power  and  its 
curve  characteristics.  The  values  indicated  in  Fig.  60  will  hold 
approximately  true  in  service  operation  with  series  motors  of  either 
the  alternating  current  or  direct-current  type,  and  hence,  the  curves 
given  constitute  a  set  of  fundamental  data  by  means  of  which  it 
becomes  possible  to  attack  any  acceleration  problem  and  approxi- 
mate the  several  data  required. 
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Cnrreiit-time  Ctures.  A  current-time  curve  is  drawn  to  indicate 
the  current  per  motor,  current  per  car,  or  current  per  train  at  any 
instant.  It  is  plotted  between  time  values  as  abscissas  and  cur- 
rent in  amperes  as  ordinates,  and  for  convenience  is  constructed 
on  the  same  time  axis  with  the  speed- time  and  distance-time  curves. 
(For  a  typical  example  see  Fig.  46.) 

Current  Curve  for  One  Motor. 

(a)  During  the  Straight  Line  Acceleration  Period.  During  abso- 
hte  straight  line  acceleration  the  average  value  of  the  current  will 
leinain  practically  constant  at  the  value,  shown  by  the  current- 
lnu:tive  effort  curve  for  the  equipment,  necessary  to  give  the  re- 
lluired  tractive  effort  for  that  rate  of  acceleration.  While  the  cur- 
lent  is  being  controlled  the  exact  shape  of  the  current  curve  depends 
npon  the  arrangement  and  number  of  steps  of  the  starting  rheostat, 
liansfonner,  or  auto-transformer,  and  the  shape  of  the  current- 
tiactive  effort  characteristic  curve  for  the  motor  equipment.  At 
each  step  of  increase  of  voltage  applied  under  control,  the  value 
€f  the  current  is  slightly  higher  than  that  to  supply  the  tractive 
rfort  for  the  constant  rate  of  acceleration  desired,  and  this  value 
nf  current  decreases  in  accordance  with  the  current  value  as  shown 
iJy  the  current-speed  curve  for  the  motor  equipment  as  the  speed 
pcreases. 

1  (6)  During  Acceleration  Beyond  the  Straight  Line  Acceleration 
yft^.  From  the  time  full  voltage  is  applied  to  the  motor  until 
I  Ae  current  is  cut  off,  the  value  of  the  current  at  any  instant  is  given 
[hjr  the  current-tractive  effort  motor  characteristic  curve  for  the 
proper  voltage  and  at  the  speed  for  that  instant. 

Current  Per  Car.  (Two  and  four  motor  equipments.)  To  plot 
the  current  per  car  the  value  of  current  at  any  instant  (for  similar 
motor  equipments)  is  found  from  the  value  of  current  per  motor 
» It  that  instant,  as  follows: 

{o)  Two  Motor  Equipments  (Series  parallel  control) 
Series  (current  per  car)  =  (current  per  motor) 
Parallel  (current  per  car)  =  2  X  (current  per  motor) 

(b)  Four  Motor  Equipment 
Series  (current  per  car)  =  (current  per  motor) 
Series- parallel  (current  per  car)  =  2  X  (current^per  motor) 
Parallel  (current  per  car)  =  4  X  (current  per  motor) 

Citrrent  Per  Train.    In  plotting  the  current  per  train  having 
vre  than  one  motor  car  the  value  of  the  current  per  train  at  any 
Lnt  is  equal  to  the  sum  of  the  current  for  all  the  motor  cars  at 
Lt  instant. 

Potential  Curve.    The  line  potential  at  the  car,  or  potential 

motor  terminals,  is  generally  plotted  between  time  in  seconds 

abscissas  and  volts  as  ordinates  on  the  same  time  axis  as  is  used 

the  current  curve.    The  value  of  the  potential  at  the  car  at 

ly  instant  depends  upon  the  potential  of  the  generating  station 
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and  substation,  the  regulation  of  the  generator,  the  efficiency  an< 
regulation  of  transformation,  transmission,  conversion  and  distribu 
tion,  and  load  on  the  system.  Its  value  may  be  obtained  prac 
tically  only  by  test.  For  preliminary  work  an  average  voltagi 
at  the  car  is  usually  assumed  to  be  constant;  the  correspondini 
curve  is  a  straight  line  parallel  to  the  axis  of  time. 

Power  and  Power  Factor  Curves*  The  power  curve  may  b( 
plotted  on  the  same  time  axis  with  other  curves  as  above,  and  its 
instantaneous  ordinate  (usually  to  a  scale  of  kilowatts)  is  at  any 
point  proportional  to  the  product  of  potential  and  current  per  motor, 
car  or  train  at  that  instant.  In  the  case  of  alternating-current 
equipments,  the  power  factor  must,  of  course,  be  used  in  tht 
determination  of  the  powep  ordinate  values,  and  in  such  cases,  the 
power  factor  curve  is  usually  also  plotted  on  the  same  time  axis,  the 
instantaneous  values  being  determined  in  connection  with  the 
motor  characteristic  curve,  where  the  power  factor  of  the  motor  ia 
shown  plotted  against  the  current  values. 

Traction  Power  Requirements 

Average  value  of  power  required  by  train  throughout  a  given 
period  of  time.  This  is  equal  to  the  value  of  the  totaJ  energy  con- 
sumed by  the  train  throughout  that  period  divided  by  the  length 
of  that  period.    This  may  be  expressed  by  the  formula 

in  which  Pi  =  average  power  required  by  the  train  throughout 

period  /,  kw. 

Cr  =  total  gross  traction  energy  consumed  by  train 
throughout  period  ^,  watt-hours.  (See  Energy  Con- 
sumption.) If  the  train  completes  several  runs 
during  this  period,  Cr  is  equal  to  the  total  energy 
consumed  by  the  train  in  making  all  those  runs 

t     s=  length  of  period,  seconds. 

If  the  gross  traction  energy  input  to  the  train  {e,)  has  not  been 
calculated  the  approximate  average  value  of  power  input  required 
by  a  train  during  a  given  period  may  be  obtained  by  the  formula: 

_        7.2FWL 

^' tlT 

in  which  Pi  =  approximate  value  of  average  power  input  require 

by  the  train,  kw. 
F    =  total  average  train,  track  curve  and  grade  resist 

ance   (/  +  C  ±  G)   for  the  train  throughout 

period  tj  pounds  per  ton  weight  of  train.    (See  Ti 

Resistance) 
W  =  total  weight  of  train,  tons 
L    =  distance  traveled  during  period  /,  miles 
/     =  length  of  period  during  which  the  average  power 

to  be  determined,  seconds 
U  =  average  efficiency  of  motor  equipment,  decimal 

expressed.    If  L  is  the  actual  length  of  a  complef 
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run  then  U  is  the  efficiency  of  acceleration  of  train 
and  motor  equipment  (see  page  206)  decimally  ex- 
pressed, 

Vahte  of  power  input  required  by  train  while  moving  at  con- 
M  speed.  The  approximate  value  of  power  input  required 
»y»tram  moving  at  a  constant  speed  may  be  obtained  by  the  for- 

p  _^  2FWS  ^  FWS 

iocx)£/^      SooU 

in  which  Pi  =  approximate  value  of  power  input  required  by 
train,  kw. 

S   =  constant  speed  of  train,  miles  per  hour 

P  =  total  constant  train,  track  curve  and  grade  resist- 
ance (J  -h  C  ±G)  for  the  train  while  running  at 
speed  S,  pounds  per  ton  weight  of  train.  (See 
Train  Resistance) 

W  =  total  weight  of  train,  tons 

U  =  efficiency  of  motor  equipment  at  the  proper  speed, 
decimally  expressed.  This  may  be  taken  from  the 
characteristic  curve  for  the  motor  equipment. 

Value  of  power  input  required  by  train  while  moving  at 
ptant  speed  on  tangent  level  track.  When  the  train  is  mov- 
^at  a  constant  speed  on  a  tangent  level  track  C  and  G  are  zero 
«n  the  formula  is 

p         2JWS  ^  fWS 
looot/       500^ 

pi  which  P2  =  approximate  value  of  power  input  required  by  train, 
kw. 
/    =  constant  train  resistance  for  the  train  while  run- 
ning at  speed  5,  pounds  per  ton  weight  of  train. 

I  j^  (See  Train  Resistance) 

I  *joand  U  =  same  as  given  in  paragraph  immediately  preceding. 

^^  of  power  input  required  by  train  at  any  instant  during 
l^'^tenition  may  be  obtained  by  the  formula 

I  p     ^    2FaWS  ^  FaWS 

loooi/       500(7 

which  P,  =  approximate  value  of  power  input  required  at  that 
instant,  kw.  (except  loss  in  control  apparatus) 
Pa  =  gross  tractive  effort  of  motors  at    that    instant 
(including. not  only  that  required  for   accderation, 
but  that  used  in  overcoming  train  resistance  and 
track  grade  and  curve  resistance),  pounds  per  ton 
weight  of  train.     (See  Acceleration) 
W  =  total  weight  of  train,  tons 
S    =  speed  at  that  instant,  miles  per  hour 
U  —  efficiency  of  motor  equipment,  at  a  load  correspond- 
[  ing  to  the  required  gross  tractive  effort  per  motor, 

decimally  expressed. 
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Value  of  power  input  required  b^  train  during  straight  line 
acceleration   for   diiect-current  or  single-phase  equipments  m 

rheostatic  control, 

_  F.,WS. 
•        sooV 
in  which  Pi  =  approximate  average  of  power  input  required  d 
ing  straight  line  acceleration,  kw. 
^iii~  gross  tractive  effort  of  motors  during  straight  1 

acceleration,  pounds  per  ton  weight  of  train 
W  =  total  weight  of  train,  tons 
5]  =speed  at  instant  when  rheostat  is  entirely  cut  oi 

miles  per  hour 
U   ^  efficiency  of  motor  equipment,  at  a  toad  correspond- 
ing to  the  required  gross  tractive  effort  per  motor, 
decinuxlly  expressed. 
NoU  that  for  the  three  cases  of  (i)  parallel,  (2)  motors  tw 
series  and  (3)  motors  four  in  series,  the  speed  S  should  corresp 
to  the  instant  when  rheostat  is  entirely  cut  out  with  such  m 
combination.     As  a  rough  approximation,  the  power  input  in  ( 
(a)  and  (3)  are  about  »  and  Vi.  respectively,  that  in  case  (t). 


Pig.  61. — Power  required  per  ton  weight  of  train. 

Gra^iical  Solution  of  Power  Equations.    Pigs.  61  and  62  give  a 

general  graphical  solution  of  the  equation  P  =  — -=  for  the  amount 
of  power  reqiured  per  ton  weight  of  train.  Fig.  61  is  for  values  of 
F  up  to  50  lb.  per  ton.     For  speeds  greater  than  70  miles  per  hour 

use  the  curve  for  speed  =  i^'"^"  ^P^^- 1  and  multiply  the  result] 

(a  constant)  '^ 

kw.  per  ton  weight  of  train  by  that  constant.  Fig.  62  is  to  be  m 
in  determining  the  power  necessary  while  the  train  is  accelerat: 
or  in  other  cases  where  the  value  of  F  is  greater  than  50  lb,  per  I 
weight  of  train. 

C^Vphicol  Determination.     The  average  value  of  power  required 
by  a  train  during  a  given  period  of  time  may  be  determined  from 
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Ji  B  current  per  train  at  that  instant, 
amperes 

/i  ^  current  per  train  at  that  instant, 
amperes  per  wire  of  three-phase 
system 

I2  and  /s  may  be  taken  from  the  cur- 
rent-time curve  for  the  train 

E  =  trolley  or  third  rail  electromotive 
force  at  the  car  at  that  instant, 
volts.  This  may  be  taken  from 
the  electromotive  force-time  curve 
for  the  train  and  run 

F  =  power  factor  of  train  at  that 
instant  decimally  expressed.  This 
may  be  obtained  from  the  power 
factor- time  curve.  (See  Run 
Curves.) 

Average  Value  of  Tractioa  Power  Required  by  Several  Trains 
During  me  Same  Period.  The  average  value  of  power  required  by 
several  trains  throughout  a  given  period  is  equal  to  the  sum  of  the 
average  values  of  power  required  by  all  those  trains  throughout 
that  period. 

Average  Value  of  Traction  Power  Required  by  All  the  Trains  on  a 
Given  Section  During  a  Given  Period.  The  average  vdue  of 
power  required  by  each  train  may  be  calculated  for  the  time  during 
which,  and  in  the  period  given,  the  train  is  on  the  given  section. 
The  sum  of  the  average  power  thus  determined  for  all  the  trains 
is  the  average  power  required  throughout  the  given  period  by  all 
the  trains  on  the  given  section. 

Instantaneous  Value  of  Power  Required  by  Several  Trains.  The 
instantaneous  value  of  power  required  by  several  trains  is  equal  to 
the  sum  of  the  instantaneous  values  of  power  required  by  all  those 
trains  at  that  instant. 

Power  Required  at  Substation.  The  average  or  instantaneous 
value  of  power  required  at  the  substation  bus  bars  is  equal  to  the 
average  or  instantaneous  value,  respectively,  of  power  required 
at  the  trains  taking  power  from  that  substation  divided  by  the 
average  efficiency  (dedmally  expressed)  of  the  distribution  and 
working  conductor  systems  connecting  the  trains  to  the  substa- 
tion. In  approximating  the  power  required  at  a  given  time  on  a 
given  section  over  which  the  trains  have  regular  running  times  and 
all  definite  stopping  places,  such  as  turnouts  and  stations,  the 
train  sheet  or  graphical  time  table  (see  p.  137)  may  be  used  to 
advantage  as  it  will  give  the  number  and  location  of  trains  on  the 
section  at  any  time.  This  information  together  with  the  run  curvesj 
for  the  trains  and  runs  included  in  this  section  will  make  possibl  ' 
the  closest  approximation  to  the  value  of  power  reqiured  at  thi 
substation  bus  bars  at  any  instant.  Where  trains  are  not  o^ 
ated  on  regular  running  times  with  definite  stopping  places,  so  d 
an  approximation  to  the  value  of  power  required  at  any  instant  i 
impossible,  but  the  average  value  of  power  required  during  an}' 
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period  may  be  approximated  to  a  degree  of  accuracy  depending 
upon  the  regularity,  frequency  and  uniformity  of  operation  over 
this  section.  The  average  value  of  power  per  train  required  may 
be  determined  from  the  run  curve  for  an  average  train  and  typical 
run  on  this  section.  Multiplying  this  average  value  by  the  nimi- 
ber  of  trains  on  the  section  during  the  given  period  will  give  the 
ipproximate  average  value  of  power  required  at  the  substation 
tomughout  that  period.  Any  change  in  the  headway,  speed  or 
Height  of  trains  will  tend  to  change  the  power  requirements  of  the 
given  section.  For  sections  on  which  such  changes  are  brought 
about  periodically,  as  in  putting  on  extra  cars  and  adding  trailers 
during  rush  hours,  the  power  requirements  should  be  calculated  for 
each  of  the  different  conditions  of  operation. 

Power  Required  at  Generating  Station.  In  the  operation  of  a 
^tem  without  substations  the  value  of  power  required  at  the 
generating  station  bus  bars  may  be  determined  in  the  manner  just 
outfined  for  the  determination  of  power  required  at  the  substation 
bus  bars.  The  average  or  instantaneous  value  of  power  at  the 
generating  station  bus  bars  required  by  a  substation  is  equal  to 
tiie  corresponding  average  or  instantaneous  value,  respectively,  of 
fower  required  at  the  substation  bus  bars  divided  by  the  combined 
efficiency  (decimally  expressed)  of  substation,  transmission  from 
Rnerating  station  to  substation  and  generating  station  trans- 
nrmation.  The  average  or  instantaneous  value  of  power  re- 
jnred  at  the  generating  station  bus  bars  by  several  substations 
s  eqiXal  to  the  sum  of  the  corresponding  average  or  instantaneous 
power  values,  respectively,  required  at  the  generating  station  bus 
bars  by  all  the  substations. 

Load  Curves.  The  load  curve  for  a  substation  or  generating 
station  may  be  approximated  by  plotting  the  instantaneous  or 
average  values  of  power  required  at  the  bus  bars  of  the  station 
gainst  elapsed  time  and  connecting  adjacent  points  so  plotted.    If 

unload  curves  for  the  substations  are  first  constructed  they  may 

be  convenient  in  appl3dng  the  method  outlined  in  the  preceding 
puagraph  for  determining  the  power  required  at  the  generating 
station.  A  load  curve  for  an  existing  load  may  be  automat- 
ically drawn  by  a  graphic  recording  wattmeter.  A  curve  so 
drawn  gives  instantaneous  values  of  power,  and  from  it  average 
values  of  power  may  be  determined  in  the  manner  outlined  for 
determining  the  average  value  of  power  required  by  a  train. 

Energy  Consumption 

Energy  Consumption  for  Traction.  The  net  energy  available 
for  traction  remaining  after  the  control,  wiring,  motor  and  me- 
chanical transmission  losses  in  the  train  have  been  supplied  is  con- 
sumed in  the  two  following  processes:  first,  balancing  train,  track 
I  grade  and  curve  resistance;  second,  heating  brake  shoes  and  car 
t  wheels  while  braking.  The  first  continues  while  the  train  moves, 
I  fte  second  only  while  the  train  is  in  motion  and  brakes  are  ap- 
'  {died.  Therefore,  the  net  energy  consumed  for  traction  while 
the  train  is  in  motion  but  the  brakes  not  applied  is  consumed  in 
balancing  train,  track  grade  and  curve  resistances,  and  the  net 
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energy  consumed  for  traction  while  the  train  is  in  motion  and  th< 
brakes  are  applied  is  consumed  in  balancing  train  resistance,  trad 
grade,  track  curve  resistance,  and  heating  brake  shoes  and  cai 
wheek. 

Net  Traction  Energy  Consumed  in  Moving  Train  when  Brakef 
are  not  Applied. 

^  60  X  33000 

=  1.99  FWL  =  approximately  2  FWL 
in  which 

ep  =  energy  necessary  to  balance  train,  track  curve  and 

grade  resistances  while  the  train  travels  the    dis- 
tance considered,  watt-hours 
F  »  total  average  train,  track  curve  and  grade   re- 
resistance  Q  ±G  '\-  C)  for    train  while  traveling 
the  given  section,  pounds  per  ton  weight  of  train 
L  —  distance  traveled,  miles 
W  —  weight  of  train,  tons. 

Note:  Since  the  value  of  F  is  always  an  approximation,  the  use 
of  2  instead  of  the  more  nearly  exact  value  1.99  for  the 
constant  is  justified  in  this  and  similar  formulas  herein. 

Net  Traction  Energy  Consumed  while  Train  is  Coasting  or  wiiile 
Moving  with  Brakes  Applied.  The  value  of  the  total  net  traction 
energy  consumed  by  a  train  in  passing  with  power  off  over  a  section 
between  two  given  points  is  equal  to  the  difference  between  the 
total  values  of  kinetic  energy  of  the  train  at  these  two  points,  that  is 

Es  =  £1  —  Et 

in  which 

Eb=  net  traction  energy  consumed  while    brakes   are 

applied  or  train  is  coasting 
El  =  total  kinetic  energy  of   train  at  beginning  of  sec- 
tion considered.     (See  En  below) 
Ei  =  total  kinetic  energy  of  train  at  end  of  section  con- 
sidered.   (See  En  below) 
En  «  2oooWh 
in  which 

En  —  total  kinetic  energy  of  train  at  any  instant  »,  foot- 
pounds 
W  =  total  weight  of  train,  tons 
h  »  kinetic  energy  head  for  train  at  the  instant  » ,  feet 

Expressing  kinetic  energy  head  in  terms  of  velocity  of  train  (see 
p.  144)  and  reducing  -E»  to  watt-hours, 

2000IF  X  (S28o)»F.* 


32.2  X  2  X  (3600)*  a:  X  2655.4 

WVn* 


39-75  ^ 

0.0252   WVn* 

K 
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in  which 

En  »  total  kinetic  energy  of  train  at  any  instant  n 

watt-hours 
Vn  =  velocity  of  train  at  that  instant «,  miles  per  hour 
K  =  ratio  of  linear  inertia  to  total  inertia  of  train.     (See 

p.  172) 

Substituting  E„  in  the  formula  for  £b, 


Eb  = 


WVi^  WVt* 


39-75  K      39.75  K 


W 


(Fi*  -  F2*)  or  =^:^LE.  (pr^.  »  Vt') 


39-75  K'"        "'^^  K 


IB  which 

W  =  total  weight  of  train,  tons 

Vi  =  velocity  of  train  at  first  point  (beginning  of  section 

considered),  miles  per  hour 
Vt  =  velocity  of  train  at  second  point  (end  of  section 
considered),  miles  per  hour. 

Het  Tractioii  Energy  Consumed  in  Heating  Brake -shoes  and 
pv  Wheels  during  the  Process  of  Braking. 

Eb  =  Eb  —  Cp 


I 


^       (Vi*  -  Vi*)  -  2  WFLb 


39-75^: 


^  OX>2^2jF^^^,  __  ^^,^  _  ^  ^p^^ 

in  which 

W  =  total  weight  of  train,  tons 

K  =  ratio  of  Imear  inertia  to  total  inertia.     (See  p.  172) 

Vt  =  velocity  of  train  at  beginning  of  braking  section 
considered,  miles  per  hour 

F4  =  velocity  of  train  at  end  of  braking  section  con- 
sidered, miles  per  hour.  When  train  is  brought  to 
a  standstill  by  braking,  Vi  becomes  zero 

Lb  ~  length  of  braking  section,  miles 

F  =  total  average  train,  track  curve  and  grade  resistance 
(/  ±  (j  -|-  C)  f or  train  while  traveling  the  braking 
section,  pounds  per  ton  weight  of  train. 

kpproi3mate  Formula  for  Energy  Consumed  in  Heating  Brake- 
and  Car  Wheels  in  the  Process  of  Braking.    In  making  a 
^h  estimate  it  is  often  assumed  that  while  the  brakes  are  being 
)lied  the  kinetic  energy  of  rotation  of  the  rotating  parts  just 
ices  the  train  resistance,  track  curve,  and  grade  resistances 
the  latter  be  small).    This  assumption  gives  rise  to  the  following 
>roximate  formula: 

Eb^—  (Vz*  -  Vi*)    or  o.02sPr  (Vs*  -  Vi*) 
40 
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60 
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o 

H40 
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H30 
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as 


20 


10 


When  brakes  are  applied  until  train  comes  to  a  standstill,  the 

formula  becomes  Eb  = 


i 

1 

/ 

/ 

/ 

/ 

y 

0             1 

0             2 

0             3 

.0             4 

0            50 

40 


or  0.025  W^^a^in 


Mi.  per  Hr. 
Speed  arwhich  Brakes  are  Applied 

Fig.  63. — ^Losses  in  braking. 


which  the  significance 
of  the  symbols  is  the 
same  as  in  the  preced- 
ing paragraph.  Fig.  63 
gives  a  graphical  solu- 
tion of  tins  formula. 

Total  Net  Traction 
Energy  that  must  be 
Available  for  Traction 
while  Train  is  Running 
withPoweronBetween 
Two  Points.  The  value 
of  this  energy  is  equal 
to  the  sum  obtained  by 
adding  the  difference 
between  the  values  of 
the  kinetic  energy  of 
the  train  at  these  two 
points  to  the  net  trac- 
tion energy  consumed 
by  the  train  in  passing 
between  the  two  points. 
It  is  expressed  by  the 
following  formula: 


e«  = 


W 


39.75^ 
0.0252PF 


in  which 


K 


(Fe^  -  ^6*)  -f-  2  TFF2I2 


W  = 

K  = 

F6   = 


V,= 


F,= 


U  = 


total  weight  of  train,  tons 

ratio  of  linear  inertia   to  total  inertia  of  train. 

(Seep.  172) 

the  velocity  of  the  train  at  the  bednning  of  the 

section  over  which  the  train  is  considered  to  run 

with  power  on,  miles  per  hour.    The  value  of  Fs  is 

zero  if  train  starts  from  rest  at  this  point 

the  velocity  of  the  train  at  the  end  of  the  section 

over  which  the  train  is  considered  to  run  with  power 

on,  miles  per  hour 

total  average  train,  track  curve  and  grade  resistance 

(/"  ±  G  -f-  C)  for  train  while  traveling  the  section 

between  the  two  given  points,  pounds  per  ton  weight 

of  train 

length  of  section  between  the  two  given  points, 

miles.    This  is  the  length  considered  over  which 

the  train  runs  with  power  on. 
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ToU  ffet  Tractkm  Energy  ConsumMl  duriog  any  Ran. 

Case  I.  Train  coasts  to  standstill,  brakes  not  applied. 

Energy  consumed  —  tp     (See  p.  202.) 
Cmz  t.  Brakes  applied  during  any  part  or  number  of  parts  of 

Energy  consumed,  kilowatt  hours  =  Ep  +  £b 

ep  =  energy  consumed  while  brakes  are  not  applied, 

kilowatt  hours.    (See  p.  202.) 
Wbere  several  sections  over  which  the  train  runs  without  brak- 
S  occur  during  the  run,  ep  is  calculated  for  each  of  these  sections 
■d  these  values  of  e^  are  added  together  to  give  the  value  of  Cp 
luse  in  tbis  formula. 

Eb  =  energy   consumed   while   the   brakes   are   applied, 

kilowatt  hours. 
Where  several  sections  over  which  the  train  runs  with  brakes 
Allied  occur  during  the  run,  Eb  is  calculated  for  each  of  these  see- 
ms  (see  p.  202)  and  all  those  values  of  Eb  are  added  together  to 
in  the  value  of  Eb. 


""   lf»f> -«■'+■"■  •'-«•■ 

.  NJ 

1 

1     " 

i                      i                          '     - 

S                    C^« 

1              i  ", 

»             c  -c 

■™ixx^^^          °          ---        ■• 

!SS^..^^         :5- 

L  Pin.  64.— General  energy  output  chart  <train  resistance,  lolb.perton), 

Keneral  Enerfff  Ootpnt  Chart.  The  general  enei^y  consump- 
Pb  charts.  Figs.  64  and  65  are  from  the  Standard  Handbookand  are 
psed  on  speul-time  curves  in  Fig.  60.  A  constant  braking  rate 
ll  150  lb.  pet  ton  weight  of  train  is  assumed  in  both,  and  a 
pmstant  train  reastance  of  10  and  15  lb.  per  ton  weight  of  train  is 
bed  in  the  curves  of  Figs.  64  and  65  respectively.  These  curves 
tve  approximate  values   of  energy   oulput  watt    hours  per  ton 
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mile,  for  a  i-mile  run  at  various  gross  tractive  eEForts  for  acce 
eration  and  times  required  to  make  the  lun  and  these  values  mtu 
be  divided  by  the  effidency  of  acceleration,  to  get  energy  input. 
Use  of  General  Energr  Output  Chart  for  RuoB  other  tba 
I  Hile  Long.  In  using  the  general  energy  output  charts  ti 
chart  constructed  on  the  assumed  value  of  train  resistance  shoij 
first  be  selected.  Then  the  approximate  value  of  watt  hiHi^ 
per  ton  mile  is  given  by  the  ordinate  of  the  point  on  the  prc^ 


--' 

' 

■Kl 

^ 

^ 

l_^ J 

gross  tractive  effort  curve,  whose  abscissa  b  equal  to  T,  ii 
following  formula.  The  curve  selected  should  correspond  t 
gross  tractive  effort  during  straight  line  acceleration. 


VL 


T  =  time  to  make  run  under  consideration,  seconds 
L  =  length  of  run  under  consideration,  miles. 

Ef^encr  of  Acceleration.  The  efficiency  of  acceleration  of  tl 
train  is  the  ratio  of  the  value  of  the  net  energy  available  for  tr* 
tion  (output)  to  the  valueof  the  grossenergy  delivered  to  the  train 
furnishing  that  net  energy.  It  is  usually  expressed  as  a  per  cei 
ft  depends  upon  the  effidency  of  control,  efficiency  of  car  wirio 
motor  efficiency,  efficiency  of  mechanical  transmission,  and  the  "p 
cent,  of  straight  Une  acceleration"  (see  below)  obtaining  during  t 
particular  run  under  consideration. 

EfBcieiuT  of  Acceleration  with  Series  Motors  and  Tliree-plia 
Induction  Motors.    The  following  table  from  data  given  in  l| 
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Standard  Handbook  gives  the  per  cent,  efficiency  of  acceleration  at 
various  per  cents,  straight  line  acceleration  for  direct-current  series 
iDotors,  also    for    three-phase  Induction  motors   (connected  in 

"^el). 


ht  cent,  straight 
ibe  acceleration 


Rheostatic 
control 
per  cent. 


Series 

parallel, 

per  cent. 


Four  series, 

two  series, 

parallel, 

per  cent. 


Three-phase 

induction 

motors 

parallel, 

per  cent. 


100 
90 

8o 


70 
6o 
SO 

40 
30 

20 

10 
0 


43 
46 
49 


52 
S6 
58 

63 

65 
68 

72 
75 


56.0 
59.0 
62.0 


64.0 
67.0 
69.0 

71.0 
72.5 
73.5 

74.5 
75.0 


60.5 
6a.  5 
65.0 


67". 
69. 

71. 

72, 
73 


o 
o 
o 

5 
5 


74.0 

74-5 
75.0 


40 

43 
46 


49 
52 

55 

58 
61 
64 

72 
75 


Sfficiency  of  Acceleration  with  Single-phase  Commutating  Motor 
•jpiqnneats.  The  efficiency  of  acceleration  for  trains  equipped 
with  single-phase  commutating  motors  may  be  taken  at  70 
to  75  per  cent.  This  value  is  a  close  approximation  for  the 
^  of  service  to  which  such  equipments  are  most  often  used, 
*"^»  an  express  or  semi-express  service  on  private  right  of  way, 
*ith  necessarily  small  per  cent,  of  straight  line  acceleration. 

I  ^ciENCY  OF  Acceleration,  Suburban  Passenger  Service. 
Series  Motors,  Series  Parallel  Control 


^5*fiption  of 
™n:  2  motor 

iJf  P^^'   ***® 
•oilowing  number 

of  trailers 


Length 

of  run, 

feet 


Total 

weight  of 

train, 

tons 


Average 
speed, 

miles  per 
hour 


Watt  hours  per 
ton  mile 


Output 


Input 


Effi- 
ciency of 
accelera- 
tion, per 

cent. 


o 

I 
2 
3 
4 
5 
6 


5360 

71. 5 

34-6 

79.8 

130.0 

5350 

94-5 

33.1 

75.3 

112. 8 

5490 

118. 5 

32.0 

69.6 

99.6 

5370 

148.5 

30.6 

68.0 

90.2 

5380 

175.5 

29.8 

63.8 

84.9 

5380 

201.5 

28.6 

61.0 

82.0 

5380 

228.5 

27.2 

59.1 

79.0 

61 

66 

69 

75 

75 

74-3 

74.0 


(Prom  results  of  experimental    tests  at   Schenectady,  N.  Y., 
J^aper  by  Arnold  and  Potter,  A.I.E.E.,  1902.) 
.The  electrical  equipment  of  each  of  the  two  motor  cars  con- 
«sted  of  four  "GE-S5^'  motors  and  type  "M"  Control. 

Per  Cent  Straight  Line  Acceleration.  The  per  cent,  straight 
yie  acceleration  of  a  train  on  a  given  run  is  the  ratio  of  the  time 
auring  which  the  individual  motors  of  the  train  take  constant 
^WTcnt  to  the  total  time  current  is  supplied  to  the  motors,  ex- 
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pressed  in  per  cent.  The  per  cent,  straight  line  accderation  foi 
runs  of  greater  than  a  nule  in  length  may  be  less  than  lo;  oo 
shorter  runs  it  is  greater  and  may  even  exceed  75  for  very  short 
runs.  It  may  be  taken  directly  from  the  speed-time  curves  foi 
any  particular  case.  The  per  cent,  straight  line  acceleration  on 
the  Manhattan  Elevated  system,  N.  Y.,  is  approximately  38. 
This  is  for  a  154-ton  train  on  a  1768-ft.  run,  rate  of  straight  luae 
acceleration  1.33  miles  per  hour  per  second,  maximum  speed 
about  25.5  miles  per  hour,  average  speed  18.3  miles  per  hour. 


8.0 
2.8 
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e 
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2.4 
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51.8 

►1.6 
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Stopi  per  Mile 

FlG.  66. — Empirical  constants  for  energy  approximation  (Del  Mar- 

Woodbury),. 

Approximate    Determination    of    Energy    Consumption.   The 
following  method  and  constants  for  determining  the  approximaU 
amount  of  energy  consumed  in  train  movement  are  by  Messrs. 
W.  A.  Del  Mar  and  D.  C.  Woodbury. 
Significance  of  symbols: 

V  =  average  running  speed,  excluding  stops,  miles  po 
hour 
Fm  =  maximum  speed,  miles  per  hour 
L  «  distance  between  stops,  miles  . 
Lp  —  distance  traveled  with  power  on,  miles 


^  =  z  = 


number   of   stops   per    mile   including  on< 

terminal 
/  =  average    train    resistance,    in    pounds    per   toi 

(say  that  corresponding  to  a  spe^  of  10  to  20  pe 

cent,  greater  than  the  average  speed) 
G  =  average  equivalent  grade,  per  cent. 
D  =  average  curvature,  degrees 
U  =  average   motor   and    controller   efficiencies  as 

decimal,  which  is  usually  about  0.7 

Vm 
J  ^  -y  (see  Fig.  66) 

Af  =     -    (see  Fig.  66), 
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The  average  equivalent  grade,  in  per  cent.,  may  be  obtained  by 
the  following  formula,  which  assumes  only  one-half  the  gravita- 
tional energy  on  down  grades  to  be  saved,  the  remainder  being 
consumed  in  braking.  Other  assumptions  may  be  found  necessary 
b certain  cases: 


G  = 


lOO 


rtere 


/ 


(Hi  -  ^  E2) 


I  =  distance  between  stops,  feet  =  5280L 
^"1  =  summation  of  rises,  feet 
Ht  »  summation  of  falls,  feet. 

Output  at  Wheel  Rim  and  Input  to  Car  in  Watt  Hours  per 

Ton  Mile 


Actual  energy  output 
at  wheel  rims  of  cars 

Approximate  electrical 
energy  input  to  cars 

Doe  to  kinetic  energy 

Due  to  train  resistance 

Due  to  m'ades. . .' 

36.  zL 
1.99/Lp 

L 
39.8GLp 

L 
1.99DL1, 

L 

25 

2.85/ 
M 

S7G 

ftie  to  curves 

M 

2.85/ 

M 

Total 

Sum  of  above 

Sum  of  above 

In  this  table  the  first  column  gives  the  approximate  mechanical 

cneigy  required  at  the  wheel  rims.    In  the  second  column  an  al- 

towance  of  70  per  cent,  for  efficiency  of  motors,  gears  and  control 

Wbeen  made.     (For  values  of  /  and  M  see  Fig.  66.)     In  cases 

yf^fsct  Vm  and  Lp  are  known,  more  accurate  results  can  be  ob- 

twiedby  using  them  in  the  formula  of  the  first  column. 

fjample:  A  multiple-unit  train  makes  an  average  speed,  while 
mining,  of  30  miles  per  hour,  making  a  stop  every  2  miles.  The 
trerage  train  resistance  is  7  lb.  per  ton,  the  average  equivalent 
grade  0.05  per  cent,  and  the  average  curvature  0.75  deg. 

Then 


/  = 

G  = 
Z>  = 

N  = 
/ 
M 


30 

7 
0.05 

0.75 
0.5 


I  J;g}  from  Fig.  66 


Then, 


Watt  hours  per 
ton  mile 


Kinetic  energy 


Train  resistance  energy  = 


_  1.36*  X  0.5  X  30_' 

25 

2.85  X  7 


1.67 


33-3 


=  12.0 


U 
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Energy  for  grades  =  — — .  '  =     1.7 

1.07 

r.  r  2.85  X  0.75 

Energy  for  curves  — — - — -^  =    1.3 

1.07 

Total  energy  input  at  train  =  48.3 

Energy  Consumed  in  Rheostat  The  energy  consumed  in  tbe 
series  motor  control  rheostat  and  appearing  as  heat  therein  de- 
pends upon  (i)  the  voltage  drop  across  the  rheostat,  (2)  the  cur- 
rent flowing  through  the  rheostat  and  (3)  the  time  during  whidi 
this  current  continues  to  flow. 

Below  are  given  approximate  formulas  for  calculating  the  en- 
ergy consumed  in  the  series  motor  control  rheostat  p>er  motor  dur- 
ing start.  To  approximate  the  energy  consumed  in  the  series 
motor  control  rheostats  for  the  whole  train  the  rheostat  energy 
consumption  per  motor  should  be  calculated  for  all  motors  and 
these  should  be  added  together.  Cases  i  to  3,  inclusive,  are  foi 
equipments  arranged  to  give  a  uniform  rate  of  straight  line  accelera- 
tion. Case  4  is  for  equipments  arranged  to  give  two  rates  of  ac- 
celeration, viz.,  one  rate  of  acceleration  while  half  the  motors  are 
in  series  with  the  other  half,  and  another  rate  of  acceleration  while 
all  the  motors  are  in  parallel.  (See  p.  173.)  The  condition 
of  constant  current  dunng  the  straight  line  acceleration  period 
is  more  or  less  closely  approximated  in  operation.  Since  the  re- 
sistance is  arranged  in  steps,  each  of  a  finite  value,  the  value  of  the 
current  will  fluctuate  above  and  below  this  constant  as  the  controller 
is  advanced  and  the  motor  speeds  up.  When  the  train  accelera- 
tion approximates  a  constant  rate  (straight  line),  the  mean  of 
these  fluctuating  values  of  current  will  approximate  the  value  oi 
current  necessary  to  accelerate  the  train  at  the  constant  rate.  Foi 
convenience  in  using  these  formulas,  they  are  given  for  rheostal 
energy  consumption  per  motor.  The  second  formula  under  Case 
2  is  an  exception.  It  gives  an  approximation  to  the  loss  per  ton 
weight  of  train. 

Significance  of  Symbols ^  Cases  1/03,  Inclusive, 

ej^  ==  energy  consumed  in  rheostat  during  straight  Unc 

acceleration  period,  watt  hours  per  motor 
T  »  duration    of   straight   line   acceleration,    seconds 
This  may  be  taken  from  the  speed-time  curve  fo: 
the  particular  train  and  run  under  consideration 
/«  =  constant  current  per  motor  during  period  of  strai^h 
line  acceleration,  amperes.    This  may   be    takei 
from  the  current-time  curve  per  motor  for  the  par 
ticular  train  and  run  under  consideration 
E  =  working  conductor  (trolley  or  third  rail)  potential  a 
the  motor  car  or  locomotive,  volts 
Rn  —  resistance  of  the  motor,  ohms.    (See  Fig.  47,  p.  264. 
Case  1.    One  or  more  motors,  rheostatic  control,    AU  motors   i 
parallel  throughout  straight  line  acceleration  period. 

^  2  X  3600 
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Case  2.  Two-  and  four-motor  equipments ^  series-parallel.  Two- 
motor  equipments  having  motors  in  series  throughout  first  part  of 
straight  line  acceleration  period  and  in  parallel  throughout  the  re- 
mainder of  straight  line  acceleration  period.  Four -motor  equip- 
ments having  two  groups  of  two  motors  in  parallel  in  series  through- 
oat  the  first  part  of  the  straight  line  acceleration  period  and  all 
JDotors  in  parallel  throughout  the  remainder  of  the  straight  line 
acceleration  period. 

^^  4  X  3600  (£  -  /„  Rnd 

3600  W 

in  which  L  =  approximate  loss  in  watt-hours  per  ton,  A  =  amperes 
per  car  with  series  position  of  controller,  F  =  H  line  volts  —  drop 
in  motor,  T  =  time  of  straight  line  acceleration  in  seconds,  and 
W  =  weight  of  car  in  tons. 

Case  3.  Four  motors ,  series,  series-parallel,  parallel.  All  motors 
in  series  throughout  first  part  of  straight  line  acceleration  period, 
two  groups  of  two  motors  in  parallel  in  series  throughout  the 
second  part,  and  all  motors  in  parallel  throughout  the  remainder 
of  the  straight  line  acceleration  period. 

^     UT  (3    ^^  -  4  EInJRm  +  8  Im'^RJ) 
^  16   X  3600   (JS  -  ImRm) 

Case  4.     Two  rates  of  straight    line  acceleration   (see  p.  173), 
le.,  two  values  of  constant  current  per  motor  during  straight  line 
acceleration. 
Significance  of  Symbols,  Case  4. 

en  =  energy  consumed  in  rheostat  during  straight  line 

acceleration  period,  watt  hours  per  motor 
Ti  =  duration  of  first  rate  of  straight  line  acceleration, 

seconds.     (Series  connection) 
T2  =  duration  of  second  rate  of  straight  line  acceleration, 
seconds.     (Parallel  connection.)     (Ti  and  T2  may 
be  taken  from  the  speed-time  curve  for  the  train  and 
run  under  consideration) 

1 1  =  constant  current  per  motor  during  period  (Ti)  of 

first  rate  of  straight  line  acceleration,  amperes. 
(Series  connection) 

1 2  =  constant  current  per  motor  during  period  (r'2)  of 

second  rate  of  straight  line  acceleration,  amperes 
(parallel  connection),     (/i  and  1 2  may  be  taken  from 
the  current-time  curve  (per  motor)  for  the  particular 
train  and  run  under  consideration) 
E  =  working  conductor  (trolley  or  third  rail)  potential 
at  the  motor  car  or  locomotive,  volts 
Rm  =  resistance  of  the  motor,  ohms,  v  (See  Fig.  47,  page 
264.) 
Case  4.     Two-  and  four-motor  equipments,  series-parallel.    Two- 
motor   equipments   having   motors   in    series    throughout  period 
Ti  and  in  parallel  throughout  period  Ta.    Four-motor  equipments 
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having  two  groups  of  two  motors  in  paraUel  in  series  throughout 
period  Ti  and  all  motors  in  parallel  throughout  period  Ti, 

^  I,T,  {E  -  2  I,R„)  +ItTiE 
"■  4  X  3600 

Energy  Consumption  Seduced  b;  Use  of  Grade  at  Ajqtroach  to 
Station.  A  considerable  saving  of  energy  may  be  brought  about  by 
causing  a  train  to  lift  itself,  at  a  station,  to  an  elevation  greater 
than  its  elevation  between  stations.  By  this  process  rnuch  of 
the  energy  that  would  be  dissipated  as  heat  in  brake-shoes  and  car 
wheels  in  bringing  the  train  to  a  atop  while  maintaining  a  practical 
schedule  speed  on  a  level  track  is  converted  into  potential  energy 
available  to  aid  in  accelerating  the  train  while  it  departs  from  the 
station.  This  method  of  conserving  energy  is  especially  applicable 
to  operation  on  elevated  railways  and  subways,  where  the  track 
800     40r 


3    i 

aoo    top 


saving  by  use  of  srades  at  station  Etops. 

grades  are  to  a  greater  extent  under  the  control  of  the  engineer  than 
IS  generally  the  case  with  the  surface  railway.  Fig.  67  (hypothetical 
example  by  P.  A.  Bancel,  A.I.E.E.,  1910)  shows  the  speed-time 
curve  and  energy  consumption  curve  for  a  154-ton  train  on  a 
typical  average  run  of  the  Manhattan  Elevated  system,  N.  Y., 
and  the  corresponding  curves  for  the  same  train,  with  lighter  motors 
as  explained  further  on,  running  the  same  distance  on  a  track  having 
a  3  per  cent,  up  grade  at  the  approach  to  the  station,  and  having 
a  3  per  cent,  down  grade  at  the  departure  from  the  station. 
It  is  to  be  noted  that  the  train  operates  at  the  same  schedule  speed 
in  both  cases,  but  in  traversing  the  run  having  the  grades  it 
consumes  much  less  energy  than  it  does  in  traversing  the  all  level 
run.  The  rate  of  straight  line  acceleration  is  the  same  in  both 
cases.  In  this  example,  the  3  per  cent,  grade  at  departure  from  the  : 
station  furnishes  a  force  of  approximately  92401b.  of  the  18,620  lb. 
{if  we  neglect  rotational  inertia)  necessary  to  accelerate  the  train 
at  the  required  rate  of  1.33  miles  per  hour  per  second.  The 
motors  are  then  called  upon  to  furnish  an  accelerating  force  of  ap- 
prosimately  i8,6io  —  5240  =  9380  lb.  or  about  half  that  neces- 
sary on  the  all  level  run  so  they  need  have  only  about  50  per  cent. 
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the  capacity  required  for  the  all  level  run.  In  constructing  the 
power  curve,  Fig.  67,  for  the  train  operating  on  the  run  having  the 
grades,  it  was  assumed  that  the  capacity  of  the  motors  and  conse- 
quently their  torque  at  any  speed  are  one-half  those  for  the  all  level 
run.  A  comparison  of  the  i>ower-time  areas  indicates  that  in  this 
case  operation  on  the  run  having  the  grades  demands  only  about 
lalf  the  energy  necessary  for  operation  on  the  all  level  nm. 

Energy  Consumptioii  Reduced  by  Train  Operation.  The  fol- 
lowing comparative  data  are  from  the  report  of  the  Joint  Commit- 
tee on  Transportation-Engineering,  Am.  El.  Ry.  Eng.  Assn.,  1914. 
The  values  were  secured  on  a  typical  interurban  road  in  the 
Middle  West,  operating  on  single  phase  alternating  current,  trans- 
mission voltage  33,000,  trolley  voltage  6600,  static  transformer 
substations  so  situated  that  the  heaviest  trains  cause  only  a  very 
moderate  line  drop.  Results  would  be  similar  on  any  interurban 
road  operated  on  either  direct  or  alternating  ciurrent  and  having 
car  equipments  and  feeders  designed  for  heavy  service.  A  nor- 
mal day  is  compared  with  a  holiday,  the  total  number  of  trains 
operated  each  day  being  the  same.  On  the  holiday  sufficient  trail 
cars  and  motor  cars  were  added  to  the  various  trains  to  take  care 
of  the  traffic  presented,  most  additions  to  trains  being  trail  cars. 

Normal  day  Holiday 

N  timber  of  trains  oi)erated  100  per  cent.  100  per  cent. 

Total  seating  capacity  100  per  cent.  258  per  cent. 

Total  .ton  miles  handled  loo  per  cent.  222  per  cent. 

Output  of  power  station  100  per  cent.  176  per  cent. 

Energy  consumption  per  ton  mile    100  per  cent.  77.5  per  cent. 

Note  that  everything  on  a  normal  day  is  taken  as  100  per  cent. 

From  the  above  it  is  readily  seen  what  a  great  saving  in  energy 
consumed  per  car  mile  or  per  passenger  mile  can  result  from 
train  operation.  In  this  case  the  seating  capacity  was  increased 
158  per  cent.,  total  ton  miles  handled  increased  122  per  cent.,  with 
«ft increase  in  energy  consimiption  of  only  76  per  cent. 
Icgeneration   of  Electrical  Energy.    Regeneration   has   been 

onctised  in  ordinary  braking  but  the  savings  brought  about  by 
klavt  been  most  generally  considered  to  be  insufficient  to  pay 
ft*  the  additional  necessary  apparatus,  complications  and  difference 
in  operation.  Practice  has,  consequently,  limited  its  application 
to  track  sections  of  long  heavy  grades.  On  grades  ordinarily  en- 
countered where  no  braking  is  necessary  the  results  of  operation 
with  the  train  rimning  free  are  more  satisfactory  than  the  results 
that  would  be  brought  about  by  regeneration  and  its  attending 
^>eed  restrictions.  When?  however,  the  force  of  a  train  whUe  it 
descends  a  grade  exceeds  the  amount  that  can  be  utilized  directly 
mechanically  to  overcome  train  friction,  regeneration  may  be  con- 
sidered. On  long  mountain  grades,  the  electrical  saving  by  re- 
generation may  be  incidental  to  the  saving  and  safety  gained  in 
avoiding  the  stresses  that  would  be  set  up  in  the  rolling  stock  in  the 
pocess  of  mechanical  braking;  it  may,  nevertheless,  be  great  in 
Itself.  In  coimection  with  operation  on  heavy  grades,  Mr.  A.  H, 
Armstrong  (A.I.E.E.,  1907)  states  that  the  amount  of  energy  saved 
by  regeneration  may,  in  certain  installations,  amount  to  as  great 
a  percentage  of  the  total  as  is  the  saving  affected  in  coal  expendi- 
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ture  in  steam  locomotives  by  compounding  and  providing  super- 
heaters and  feed  water  heaters.  In  a  paper  by  Messrs.  L.  B. 
Stillwell  and  H.  St.  Clair  Putnam  (A.I.E.E.,  1907)  it  is  stated  that 
by  regeneration  the  increase  in  energy  consumption  due  to  hauling 
a  train  up  grade  is  reduced  approximately  60  per  cent,  over  a  1.5 
per  cent,  grade,  and  in  freight  service  over  mountain  grades  the 
energy  required  will  not  exceed  that  consumed  on  level  track  by 
more  than  from  40  to  60  per  cent,  and  it  will  not  be  doubled  on 
grades  of  less  ^an  3  per  cent,  in  passenger  service,  nor  less  than  2 
per  cent,  in  freight  service.. 

In  order  that  a  train  may  regenerate  energy  there  must  be  energy 
consuming  apparatus  connected  to  the- system  to  which  this  re- 
generated energy  is  to  be  supplied.  This  condition  is  generally 
satisfied  by  the  presence  of  energy  consuming  trains  on  the  line. 
The  efficiency  of  the  system  in  consuming  this  regenerated  energy 
will  depend  upon  the  efficiency  of  transmission  and  distribution 
that  connect  the  regenerating  and  the  consuming  apparatus,  there- 
fore, greatest  efficiency  is  attained  when  regenerating  and  con- 
suming apparatus  are  closest  together,  and  the  ideal  condition  is 
reached  when  one  train  is  ascending  the  grade  while  another  is 
descending.  When  this  occurs,  a  part  of  the  energy  required  by 
the  ascending  train  is  supplied  by  the  descending  regeneratmg  train; 
thus  the  power  house  is  not  called  upon  to  furnish  this  part. 
Mr.  Cary  T.  Hutchinson  has  said  (A.I.E.E.,  1907) :  "Two  tonsgcdng 
down  the  grade  will  pull  i  ton  up  the  grade." 

On  the  general  subject  of  regeneration  control,  Mr.  A.  H.  Arm- 
strong (Standard  Handbook)  says:  "  It  is  necessary  to  consider  the 
first  cost  of  the  equipment  and  the  increased  cost  of  maintenance 
as  offsetting  advantages  derived  from  a  possible  smaller  energy 
consumption  of  the  car.    It  is  not  too  much  to  expect  that  the 
car  equipment  will  be  increased  fully  50  per  cent,  in  weight  and  , 
first  cost  if  regenerative  control  be  adopted,  and  the  possible  15  ' 
to  20  per  cent,  energy  must  be  balanced  against  the  interest  on  the 
additional  first  cost  and  cost  of  maintaining  the  equipment." 

Regeneration  with  Three-phase  Equipment.  Regeneration  with 
three-phase  induction  motor  equipments  is  automatic.  No 
change  in  connections  is  necessary  for  regeneration  and  the  speed 
of  the  train  in  descending  a  grade  is  but  little  greater  t^an  its  speed 
in  ascending  the  grade,  the  difference  being  the  sum  of  the  slip 
while  operating  as  a  generator  and  that  while  operating  as  a  motor. 

Regeneratian  with  Series  Motors.  Regeneration  with  series 
motors  is  not  automatic.  It  requires  a  means  of  maintaining^  the 
electromotive  force  of  regeneration  at  a  proper  amount  above  the 
electromotive  force  at  the  motor  due  to  trolley  or  third  rail  electro- 
motive force.  This  calls  for  a  modification  of  the  control  system. 
With  direct-current  series  motors  this  regulation  is  brought  about 
by  controlling  the  electromotive  force  of  regeneration.  With  single- 
phase  series  motors  it  is  brought  about  by  controlling  both  the  elec- 
tromotive force  regeneration  and  the  electromotive  force  at  the 
motor  due  to  troUey  or  third  rail.  One  motor  having  its  field 
excited  by  current  from  the  transformer  is  used  as  the  exciter 
for  the  fields  of  the  other  motors  whose  armatures  are  connected 
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to  the  transfonner.  The  connections  of  the  motors  to  the  trans- 
former are  arranged  to  give  a  sufficient  excess  of  electromotive 
force  of  regeneration  over  the  electromotive  force  due  to  third 
rail  or  trolley. 

Eneigy  Consumption  In  Practice.  In  addition  to  data  shown 
elsewhere  (see  the  general  index),  the  following  are  results  from  a 
umber  of  electric  car  tests  in  various  typical  services  as  noted. 

Km  Traction  Energy  Required  per  Seat  Mile,  Suburban 

Service,  Steam  and  Electricity 
(From   results  of  experimental  tests  at  Schenectady,  N.  Y., 
Arnold  and«Potter,  A.I.E.E.,  1902.) 


Number 
of  cars 

in  train* 

Length 

of  run, 

feet 

Average 
speea, 

miles  per 
hour 

Total  weight  of 
train,  tons 

• 

Net  energy   required 
per  passenger  mile» 
watt  hours 

Steam 

Blectric 

Steam 

Electricity 

I 
3 
3 

4 
5 
6 

5360 
5360 
5350 

5490 
5370 
5380 

34.6 
34.6 

33-1 

33.0 
30.6 
39.8 

130 

154 
184 

3IZ 

337 
364 

35.7 
71.5 
94.5 

118. 5 
148.5 
175.5 

185.0 

101.5 

76.4 

55.4 
51.4 
43.1 

44-6 
44.6 
37.0 

3.3.3 

31.5 
39.3 

In  making  the  above  calculations,  a  capacity  of  65  passengers  per 
or  was  used. 

Satmrban  Service.  The  set  of  tests  as  shown  below  was  on 
Aburban  lines  in  New  England,  the  cars  being  equipped  with 
four  40-h.p.  motors: 


Weight  of  car,  i>ounds 


42,090 


43,090 


43.700 


43.090 


l«ogth  of  run,  miles 

Schedule  speed»  inc.  stops,  miles  per  hour. . . . 

Average  speed,  exc.  stops,  miles  per  hour  . . . . 

i^ta^  stops  per  mile 

^*jenf»  voltage  during  run 

^omgu  hours  per  car  mile  at  car 

^omatt  hours  per  car  mile  at  power  station 
Watt  hours  per  ton  mile  at  car 

Vttt  hours  per  ton  mile  at  power  station 

starting  current  per  car,  amp 

starting  current  per  car,  amp 


15.36 

10.10 

13.65 

4.78 

460.00 

3.94 

3.67 

140.00 

175.00 
330.00 
177.00 


35.73 
9.35 

13.50 
5.73 

480.00 

3.63 

4.54 
173.00 

316.00 
300.00 
309.00 


16.68 

10.60 

13.60 

3.06 

480 . 00 

3.54 

4.33 

Z66.00 

199.00 
350.00 

231. 00 


35.38 

14.04 

16.40 
3.48 

488 . 00 
3.92 
3.59 

139.00 

171.00 
330.00 
222.00 


btemrlMUi   Service.    The  following   test  on  a   typical   New 

land  interurban  railway  is  divided  into  three  sections,  the  first 

last  being  in  the  terminal  cities.    The  car  weighed  53,000  lb. 

was  equipped  with  four  50-h.p.  motors: 

Length  of  run,  miles 3  *  06 

Average  stops  per  mile i .  62 

Schedule  speed,  inc.  stops,  miles  per 

hour 12 .  80 

Kilowatt  hours  per  car  mile 3-14 

Watt  hours  per  ton  mile z  18 .  00 


31.16 
0.80 


3.83 
3.93 


32.20 

2.48 

94.00 


12.10 

3.  SO 
132.00 


•One-car  electric  train  consisted  of  one  motor  car.    Two-car  electric  trun 

isisted  of  two  motor  cars.     Blectric  trains  of  more  than  two  cars  con- 

of  two  motor  cars  plus  trailers  to  make  the  total  number  of  cars  given 

b  the  table. 

In  all  cases  of  the  steam  train,  the  cars  were  hauled  by  a  x 07- ton  steam 

loconu>tive  designed  for  a  high  rate  of  acceleration. 
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City  Service.  Watt-hour  meter  readings  were  taken  in  Cleve- 
land on  thirteen  types  of  interurban  cars  and  thirteen  types  of 
city  cars.  The  weights  and  energy  consumption  (in  city  service)| 
were  as  follows: 


Maximum 


Minimum 


Average 


Interurban  cars,  weight,  pounds 

Interurban  cars,  kilowatt  hours  per  car  mile 
Interurban  cars,  watt  hours  per  ton  mile. . 

City  cars,  weight,  pounds 

City  cars,  kilowatt  hours  per  car  mile. . . . 
City  cars,  watt  hours  per  ton  mile 


77.320.00 

455 

133.00 

46,580.00 

•  4.6s 

182.00 


50,840 .  00 

2. IS 

75.00 

27,700.00 

1.87 
52.00 


59,300 
2 


Ql.Si 
37.8oo.oi( 
2.8$ 
126.^ 


Low  Floor  Center  Entrance  Car.  (Elec.  Ry.  Journal,  191 2.)! 
During  an  eight-day  test  of  the  Pittsburg  low  floor  car  on  one  line,, 
the  average  energy  consumption  was  139  watt  hours  per  ton  mile  ai 
a  schedule  speed  of  9.52  miles  per  hour  and  averaging  7  stops  paj 
mile.  On  another  line  the  energy  consumption  by  the  same  car  wa$i 
125.8  watt  hours  per  ton  mile  at  a  schedule  speed  of  9.72  miles  per 
hour  and  averaging  6.4  stops  per  mile. 

High-speed  dteiurban  Service.  In  typical  Indiana  interurban 
service,  with  cars  weighing  30  to  35  tons,  watt  hour  meter  rea< 
for  an  entire  month  on  several  cars  show  80  to  90  watt  hours 
ton  mile  in  local  service  where  stops  average  one  per  mile,  and  ab< 
65  watt  hours  in  "limited"  service  where  stops  average  one  ii 
miles.  These  figures  include  all  service  including  switching  aroi 
car  houses.  In  these  tests  the  four  motor  cars  used  about  6 
cent,  more  energy  per  ton  mile  than  the  two  motor  cars  in  the  same* 
service. 

Gravel  Train  Service.  In  a  series  of  tests  in  gravel  train  work 
with  a  15-ton  motor  car  and  eight  gravel  cars  weighing  2H  tons 
each  empty  and  11  tons  each  loaded,  and  with  hauls  ranging  from 
1.33  to  10.42  miles,  the  energy  consumption  ranged  from  30  to  40 
watt  hours  per  ton  mile  for  a  loaded  train  and  from  70  to  130  watt 
hours  per  ton  mile  for  an  empty  train. 

Energy  Consumed  in  Steam  Passenger  Service.  The  following 
values  of  energy  consumption  in  operation  by  steam  were  calculated 
from  the  results  of  tests  on  the  New  York,  New  Haven  and  Haxt- 
ford  Railroad  by  Mr.  W.  S.  Murray  (A.I.E.E.,  1907). 

Steam  Express  Passenger  Service:  34.9  watt  hours  per  ton  mil^ 
indicated. 

Steam  Local  Express  Passenger  Service:  51.3  watt  hours  per  toft 
mile,  indicated. 

These  results  are  from  the  following: 


Express 

passenger 

service 


Local  exprea 

passenger 

service 


Mileage  of  locomotive  in  18  days 

Average  weight  of  train,  tons,  including  locomo- 
tive and  passengers 

Total  horse-power  hours  for  18  days  of  locomotive 
in  revenue  service  based  on  average  horse- 
power between  Woodlawn  and  New  Haven. 


2,559.0 
527.1 

63,125.0 


2,623.0 
314.  a 

56,800.0 
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CondUians  of  Test,  ''The  zone  over  which  the  test  was  con- 
liKted  was  the  New  York  division  of  the  N.  Y.,  N.  H.  &  H.  R.  R. 
Co,  and  all  train  runs  had  specified  terminals  within  the  zone,  the 
of  which  are  measured."  ''The  engines  and  cars  included 
the  test  were  in  the  regular  log  of  the  mechanical  sux>erintendent 
car  service,  with  measured  weights."  A  continuous  set  of  in- 
r  diagrams  was  taken  for  the  runs  between  Woodlawn 
New  Haven.  In  this  process  six  diagrams,  lo  seconds  apart, 
taken  on  each  end  of  one  cylinder  in  a  period  of  2  minutes 
of  every  three.    Locomotives  used: 


Number  of 
locomotive 


Year 

built 


Type 


passenger  service 

exiness  passenger  service. 


833 
841 
1358 
1262 
1271 
1273 
1574 


1 90s 
19OS 
1903 
1903 
1896 
1896 
1893 


K-4-A 

G-4-A 

A-i 

A-i 

A-i 

A-I 

C-is-A 


Idatioii  between  Conditions  of  Train  Operation  and  Energy 
EiptiolU    Figs.  68,  69  and  70  from  a  paper  by  £»  H.  Anderson 
the  Am.  £1.   Ry.  £ng.  Assn.,  Oct.  16,  1906,  are  typical 
es  showing  the  relation  between  length  of  run,  accelerating 
and  sch^ule  speed,  respectively,  and  energy  consumption, 
curves  were  constructed  for  one  single  truck  car  equipped 
two  GE-70  motors  operating  on  tangent  level  track  at  aji 
ed  train  resistance  of  20  lb.  per  ton. 


400   800   1200  1600  2000  2400  2800  3200  3600  4000 

Feet 

fcc.  68. — Example  of  relation  between  length  of  run  and  energy  consumption. 

i 

[  Electric  Car  Tests — ^Methods.    Special  tests  of  electric  car  or 
locomotive  equipment  may  be  made  from  time  to  time  for  the 
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purpose  of  obtaining  data  for  use  in  one  of  a  number  of  ways :  to 
determine  the  adequacy  of  motor  equipment,  to  determine  whether 
or  not  the  proper  gear  ratio  is  being  employed,  to  check  the  pro- 
portion of  resistance  taps  on  the  controller,  to  determine  the  possible 

schedule  speed  with  a 
given  equipment,  to 
check  trolley  feeders  or 
to  aid  in  the  design  of 
additional  feeder,  etc. 
Depending  upon  the 
purpose  for  which  the 
test  is  to  be  made,  the 
apparatus  used  and 
readings  taken  will 
vary,  but  will  probably 
include  many  if  not  all 
of  the  following: 


120 


110 
HlOO 


« 
^ 


90 


80 


1 

V 

\ 

S^M 

attHc 

urs  pel 

Ton  Hi 

:iie 

— 

■— 

60 


80      100     120     140     160     180 

Lb.  par  Ton  Accelerating  Force 


200 


Pig.  69. — Bxample  of  relation  between  ac- 
celerating force  and  energy  consumption. 


Continuous  Instantaneous  Readings : 

Voltage  on  line 

Current  pep  car 

Voltage,  one  motor 

Current,  one  motor 

Speed  of  car 

•wJtte  input}  (^^  altemating-current  equipments) 
Time  at  passing  fre- 


160 


140 
H120 


^ 


100 


80 


60 


1 

/ 

*f 

f 

J" 

^ 

^ 

y 

quent  landmarks  such 
as  numbered  poles 

Time,  duration  and 
location  of  all  stops 

Time  of  various  con- 
troller movements 

Time  of  application 
and  release  of  brakes 
Readings  at  beginning 

and  end  of  testy  and  at 

intervals  during  test: 

Watt  hours,  meter  in 
motor  circuit 

Watt  hours,  meter  in 
auxiliary  circuits 

Watt  hours,  meter 
connected  for  field  loss 

Temperature,  by 
thermometer,  of  motor 
commutator,  armature 
and  field 

Temperature  of  motor  armature  and  field  by  drop  of  potential. 

The  electrical  readings  of  current,  voltage,  etc.,  should  be  made 
on  instruments  which  are  as  ''dead  beat"  as  possible  so  that  the 
motion  of  the  car  will  affect  the  position  of  the  instrument  pointer 


8        9        10       11       12 

111.  per  Hr.  Schedule  Speed 


IS 


Fig.  70. — Bxample  of  relation  between  schedule 
speed  and  energy  consumption. 
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to  a  minimum  extent.    If  readings  are  to  be  taken  from  indicating 

instruments,  there  should  be  one  observer  for  each  instrument, 

U^ether  with  a  time  observer  who  should  give  signals  by  means  of 

a  bell  or  whistle  at  intervals  of  from  2  to  10  seconds,  depending 

upon  conditions,  and  all  instruments  should  be  read  and  readings 

ioted  simultaneously  at  each  signal.    Readings  should  be  noted  on 

acviously  prepared  paper  with  each  reading  consecutively  num- 

Mred  and  at  least  once  in  each  ten  readings  one  of  the  observers 

should  call  out  the  number  of  the  reading,  so  that  the  instantaneous 

readings  may  be  consistently  compared.    The  speed  of  a  car  may 

lie  read  by  means  of  a  mechanical  tachometer  or  perhaps  prefcr- 

Myfrom  an  electrical  tachometer  in  which  a  small  direct-current 

niagneto  generator  is  belted,  geared  or  connected  by  flexible  shaft 

to  the  car  axle  and  calibrated  in  volts  per  mile  per  hour.    The 

exact  time  should  be  noted  at  passing  frequent  landmarks,  such  as 

Bumbered  poles,  so  that  in  the  later  working  up  of  results  profiles 

uid  maps  may  be  consulted  to  determine  at  what  points  the  car 

encountered  curves  and  grades.     Readings  of  watt-hour  meters 

should  be  taken  at  beginning  and  end  of  tests  and  also  at  such  points 

where  the  schedule  speed  or  general  profile  of  the  line  materially 

cbnge.    It  is  sometimes   convenient  to  connect  in  a  specially 

calibrated  watt-hour  meter  with  the  current  from  one  motor  through 

the  series  coils  and  the  potential  coils  connected  across  a  field  of 

&e  same  motor.    This  watt-hour  meter  will  then  measure  the  watt- 

«>ur  loss  in  the  field  circuit  of  such  motor;  dividing  by  the  time  in 

kours  will  give  the  average  loss  in  that  field,  and  further  dividing 

by  the  resistance  of  the  field  and  extracting  the  square  root  of  the 

Rsult  will  give  the  square  root  of  mean  squared  current  in  that 

Biotor,  this  being  what  is  commonly  known  as  the  "heating  cur- 

Wnt,"  which  may  be  compared  with  the  allowable  figure  for  the 

•otor  under  test  (see  p.  234).    Observations  of  temperature  of  the 

^jnwis  parts  of  the  motor  are  usually  made  by  a  thermometer  and 

«ttifid  by  the  drop  of  potential  method.     (Also  see  p.  234.) 

l0oti]ie  Tests.    It  is  sometimes  considered  advisable  either  as  a 

«eck  on  the  operations  of  the  motormen  or  as  a  check  on  the 

^''''^lition  of  the  equipment  to  equip  each  motor  car  with  some  sort  of 

*  meter  or  timing  device.    Those  most  commonly  in  use  are  the 

ent  time  dock,  the  coasting  time  recorder,  ampere-hour  meter 

the  watt-hour  meter. 

Current  Time  Clock.    This  device  consists  of  a  clock  movement 

hich  operates  only  during  the  time  when  the  current  is  being  taken 

the  motor  circuit.     Readings  are  taken  as  each  motorman  goes 

and  off  duty.    Knowing  the  number  of  trips  made  by  motorman 

ipd  the  total  time  consumed  by  them,  the  percentage  of  the  total 

"We  during  which  current  was  on  can  be  calculated  and  comparisons 

*4de  between  motormen. 

Coasting  Time  Recorder.    This  instrument  is  similar  to  the  cur- 

t  time  clock  except  that  it  records  the  time  during  which  the 

^  is  coasting.    Its  principle  is  based  on  the  fact  that  the  most 

economical  run  is  the  run  with  the  most  rapid  rate  of  acceleration 

■fid  with  braking  beginning  at  the  lowest  speed,  thus  making  the 

'"^ting  time  the  longest.     In  comparing  motormen  with  this 
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device  the  percentage  of  time  during  which  the  equipment  was 
coasting  is  reckoned,  the  desired  operation  being  that  in  which 
the  coasting  time  is  the  longest. 

Watt -hour  Meter.  Cars  are  equipped  with  a  portable  type  of 
watt-hour  meter  connected  to  measure  the  energy  consumption 
in  the  motor  circuit.  Readings  are  taken  of  the  watt-hour  meter 
as  each  motorman  goes  on  and  off  duty  and  comparisons  between 
motormen  are  made  on  the  basis  of  kilowatt  hours  per  car  mile  or 
per  car  hour,  thus  arriving  directly  at  a  comparison  which  is  gottea 
at  indirectly  by  the  current  time  clock  or  coasting  time  recorder. 

Ampere-hour  Meter.  As  potential  circuits  of  watt-hour  meters 
are  likely  to  give .  trouble,  especially  during  thunder  storms,  the 
ampere-hour  meter  has  been  used  as  a  check  on  energy  consump* , 
tion  and  gives  the  same  or  better  results  for  comparative  purposes 
as  the  watt  hour  meter,  readings  of  ampere  hours  being  reduced  to 
an^re  hours  per  car  mile  or  per  car  hour  for  comparison. 

Checks  on  Equipment  as  Well  as  on  Motormen.    The  devices 
described  above,  designed  primarily  as  a  check  on  the  operation  of 
the  controller  and  brake  by  motormen,  have  also  been  foimd  ai  \ 
value  by  companies  using  them  as  a  check  as  to  the  condition  of  thi^^ 
equipment  and  especially  as  an  indication  of  too  close  brake  adjusl>*  | 
ment.    It  has  been  stated  that  on  some  roads  the  saving  in  energy  ^ 
resulting  from  the  use  of  one  or  another  of  such  devices  has  amounted 
to  from  lo  to  25  per  cent,  of  the  total. 
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SECTION  rv 

RAILWAY  MOTORS 

lUting  and  Capacity  of  Railway  Motors,  A.LEJS.  Standardiza- 
tion Rules,  1914.  The  following  numbered  sections  (415  to  449, 
iodusive)  relative  to  the  rating  and  capacity  of  railway  motors  are 
Aom  the  A.I.E.E.  Standardization  Rules,  19 14: 
416.  Nominal  Rating.  The  nominal  rating  of  a  railway  motor 
ill  be  the  mechanic  output  at  the  car  or  locomotive  axle, 
iwasured  in  kilowatts,  which  causes  a  rise  of  temperature  above 
flie  surrounding  air,  by  thermometer,  not  exceeding  90  deg.  C. 
It  the  commutator,  and  75  deg.  C.  at  any  other  normally  ac- 
ttssible  part,  after  one  hour's  continuous  run  at  its  rated  voltage 
M  frequency  in  the  case  of  an  alternating-current  motor)  on  a 
^d  with  the  motor  covers  arranged  to  secure  maximum  venti- 
"©a  without  external  blower.  The  rise  in  temperature,  as 
asured  by  resistance,  shall  not  exceed  100  deg.  C.  * 

416.  The  statement  of  the  nominal  rating  shall  also  include 
fi  corresponding  voltage  and  armature  speed. 

417.  Continuous  Rating.  The  continuous  ratings  of  a  railway 
■lotor  shall  be  the  inputs  in  amperes  at  which  it  may  be  operated 
fontinuously  at  H,  H  and  full  voltage  respectively,  without  exceed- 
H  the  specified  temperature  rises  (see  §420),  when  operated  on 
*^  test  with  motor  covers  and  cooling  system,  if  any,  arranged 

^in  service.  Inasmuch  as  the  same  motor  may  be  operated  under 
yfferent  conditions  as  regards  ventilation,  it  will  be  necessary 

r^ttdi  case  to  define  the  system  of  ventilation  which  is  used.    In 
2  motors  are  cooled  by  external  blowers,  the  volume  of  air  on 
^  the  rating  is  based  shall  be  given. 
«tt.  Maximum  Input    The  subject  of  overloads  for  railway 
*otors  is  under  investigation. 

Temperature  Limitations 

419.  The  allowable  temperature  in  any  part  of  a  motor  will  be 
pverned  by  the  kind  of  material  with  which  that  part  is  insulated, 
lo  view  of  space  limitations,  and  the  cost  of  carrying  dead  weight 
i^  cars,  it  is  considered  good  practice  to  operate  railway  motors 

\..This  definition  differs  from  that  in  the  191 1  edition  of  the  Rules,_  princi- 
l^y  by  the  substitution  of  a  kilowatt  rating  for  the  horse-power  rating  and 
w«  omission  of  a  reference  to  a  room  temperature  of  25  deg.  C.  The  horse- 
SPJ'^rating  of  a  railway  motor  may,  for  practical  purposes,  be  taken  as  fi  of 
«c  kilowatt  rating;.  On  account  of  the  hitherto  prevailing  practice  of 
l^ressing  mechanical  output  in  horse-power,  it  is  recommended  that,  for 
|J5  present,  the  capacity  be  expressed  both  in  kilowatts  and  in  horse-power, 
r»«)uble  rating,  namely. 

t  kw. approx.  equiv.  h.p. ; ; 

.  J*  ?rder  to  lay  stress  upon  the  preferred  future  basis,  it  is  desirable  that  on 
Jjwn^  plates,  the  rating  in  kilowatts  shall  be  shown  in  larger  and  more 
Pfominent  characters  than  the  capacity  in  horse-power. 
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for  short  periods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.    The  following  temperatures  are  permissible : 

Operating  Temperatures* 


Maximum  observable  temperature  of  windings 
when  in  continuous  service 

Class  of 
materialt 

Short  periods 

Continuous 

By  ther- 
mometer 

By  resist- 
ance 

By  ther- 
mometer 

By  resist- 
ance 

A2 

B 

100 

115 

125 

145 

85 

100 

no 
130 

*  For  infrequent  occasions,  due  to  extreme  ambient  temperatures,  it  is  i>er- 
missible  to  operate  at  15  deg.  higher  temperature.  . 

420.  With  a  view  to  not  exceeding  the  above  temperature  limi- 
tations the  continuous  ratings  shall  be  based  upon  the  temperature 
rises  tabulated  below: 

Temperature  Rises  on  Stand  Test* 


Class  of  material  t 

Temperature  rises  of  windings 

By  thermometer 

By  resistance 

A2 
B 

65 
80 

85 
105 

421.  Field-control  Motors.  The  nominal  and  continuous  rat- 
ings of  field-control  motors  shall  relate  to  their  performance  with 

*  The  temperature  rise  in  service  may  be  very  different  from  that  on  stand 
test.  See  (440  for  relation  between  stand  test  and  service  temperatures,  as 
affected  by  ventilation. 

1 188.  Table  of  Hottest-spot  Temperatures  and  of  Corresponding  Permis- 
sible Temperature  Rises. 


Class 

Description  of  insulation 

Highest  per- 
missible tem- 
peratures for 
hottest  spot 

Highest   per- 
missible tem- 
perature rise 
of  hottest 
spot  above 
40  deg.  for  the 

purpose  of 
fixing  the  In- 
stitute  rating 

Ai 

Cotton,  silk,  paper  and  other  fibrous 
materials,  not  so  treated  as  to  increase 
the  thermal  limit. 

95  deg.  C. 

55  deg.  C. 

Aa 

Similar  to  Ai,  but  treated    or  impreg- 
nated and  including  enameled  wire. 

105  deg.  C. 

6s  deg.  C. 

B 

Mica,  asbestos  or  other  material  cap- 
able of  resisting  high  temperatures,  m 
which  any  Class  A  material  or  binder, 
if  used,  is  for  structural  purposes  only, 
and  may  be  destroyed  without  im- 
pairing the  insulating  or  mechanical 
qualities. 

125  deg.  C. 

85  deg.  C. 

C 

Fireproof  and  refractory  materials 

No  limits 

(Specified 
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the  operating  field  which  gives  the  manmum  motor  rating.  Each 
section  of  the  field  windings  shall  be  adequate  to  perform  the  ser- 
vice required  of  it,  without  exceeding  the  specified  temperature 
rises. 

Characteristic  Ctures 

422.  The  characteristic  curves  of  railway  motors  shall  be  plotted 
with  the  ciuTent  as  abscissas  and  the  tractive  effort,  speed  and 
efficiency  as  ordinates.  In  the  case  of  alternating-current  mo- 
tors, the  power  factor  values  shall  also  be  plotted  as  ordinates. 

423.  Characteristic  curves  of  direct-current  motors  ^all  be 
based  upon  full  voltage,  which  shall  be  taken  as  6oo  volts,  or  a 
multiple  thereof. 

424.  In  the  case  of  field-control  motors,  characteristic  curves 
shaU  be  given  for  all  operating  field  connections. 

Eflldency  and  Losses 

426.  The  efficiency  of  railway  motors  shall  be  deduced  from  a 
determination  of  the  losses  enumerated  in  §§426, 427, 428, 429  and 
430.     (See  also  §§436  and  437.) 

426.  The  copper  loss  shall  be  determined  from  resistance 
measurements  corrected  to  75  deg.  C. 

427.  The  no-load  core  loss,  Dnish  friction,  armature  bearing 
frictioa  and  windage  shall  be  determined  as  a  total  imder  the 
following  conditions: 

In  making  the  test,  the  motor  shall  be  nm  without  gears. 
The  kind  of  brushes  and  the  brush  pressure  shall  be  the  same 
as  in  commercial  service.  With  the  field  separately  excited,  such 
a  voltage  shall  be  applied  to  the  armature  terminals  as  wiU  give 
the  same  speed  for  any  given  field  current  as  is  obtained  with  that 
field  current  when  operating  at  normal  voltage  under  load.  The 
sum  of  the  losses  above  mentioned  is  equal  to  the  product  of  the 
coonter-electromotive  force  and  the  armature  current. 

Aftft.  The  core  loss  in  d.  c.  motors  shall  be  separated  from  the 
friction  and  windage  losses  above  described  by  measuring  the 
power  required  to  drive  the  motor  at  any  given  speed  without 
gears,  by  running  it  as  a  series  motor  on  low  voltage  and  deducting 
this  loss  from  the  sum  of  the  no-load  losses  at  corresponding  speed. 
(See  §437  for  alternative  method.) 

The  friction  and  windage  losses  under  load  shall  be  assumed  to 
be  the  same  as  without  load,  at  the  same  speed. 

The  core  loss  under  load  shall  be  assumed  as  follows: 


Per  cent,  of  input  at 
nominal  rating 


Loss  as  per  cent,  of  no-load 
core  loss 


200 

i6s 

ISO 

14s 

100 

130 

75 

I2S 

50 

123 

25  and  under 

122 

Note:  With  motors  designed  for  field  control  the  core  losses  shall  be 
assumed  as  the  same  for  both  full  and  permanent  field.  It  shall  be  the  mean 
between  the  no-load  losses  at  full  and  permanent  field  increased  by  the  per- 
centages given  in  the  above  table. 
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429.  The  brush  contact  resistance  loss  to  be  used  in  determining 
the  efficiency  may  be  obtained  by  assuming  that  the  sum  of  the 
drops  at  the  contact  surfaces  of  the  positive  and  negative  brushes 
is  three  volts. 

430.  The  loss  in  gearing  and  axle  bearings  for  single-reduction 
single-geared  motors  varies  with  type,  mechanical  finish,  age  and 
lubrication.  The  following  values,  based  on  accumulated  tests, 
shall  be  used  in  the  comparison  of  motors: 

Losses  in  Axle  Bearings  and  Single-reduction  Gearings 


Per  cent,  of  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

200 

3-5 

ISO 

3.0 

125 

2.7 

lOO 

^'S 

7S 

2.5 

6o 

2.7 

SO 

3.2 

40 

tA 

30 

25 

8.5 

436.  In  comparing  projected  motors  and  in  case  it  is  not  possible 
or  desirable  to  make  tests  to  determine  mechanical  losses,  the  follow-s 
ing  values  of  these  losses,  determined  from  the  averages  of  many 
tests  over  a  wide  range  of  sizes  of  single-reduction  single-geared 
motors,  will  be  found  useful,  as  approximations.  They  include 
axle-bearing,  gear  losses,  armature  bearing,  brush-friction,  windage, 
and  stray  load  losses. 


Per  cent,  of  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

100  pr  over 

5.0 

75 
60 
SO 

SO 
5.3 
6.S 

40 
30 

8.8 

13.3 
17.0 

437.  The  core  loss  of  railway  motors  is  sometimes  determined 
by  separately  exciting  the  held  and  driving  the  armature  of  the 
motor  to  be  tested  by  a  separate  motor  having  known  losses 
and  noting  the  differences  in  losses  between  driving  the  motor  light 
at  various  speeds  and  driving  it  with  various  field  excitations. 

438.  Selection  of  Motor  For  Specified  Service. 

The  following  information  relative  to  the  service  to  be  performed 
is  required  in  order  that  an  appropriate  motor  may  be  selected. 

(a)  Weight  of  total  number  of  cars  in  train  (in  tons  of  2000  Ib.V 
exclusive  of  electrical  equipment  and  load 

(b)  Average  weight  of  load  and  durations  of  same,  and  maxi- 
mmn  weight  of  load  and  durations  of  same 

{c)  Number  of  motor  cars  or  locomotives  in  train,  and  number 
of  trail  cars  in  train 

(d)  Diameter  of  driving  wheels. 

(e)  Weight  on  driving  wheels,  exclusive  of  electrical  equipment 
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(/)  Number  of  motors. per  motor  car 

(l)  Voltage  at  train  wifli  power  on  the  motors — average,  maxi- 
mum and  minimum 
(A)  Rate  of  acceleration  in  m.p.h.  per  second 
(i)  Rate  of  braking  (retardation  in  m.p.h.  per  second) 
(j)  Speed  limitations,  if  any  (including  slowdowns) 
(k)  Distances  between  stations 
(0  Duration  of  station  stops 

(m)  Schedule  speed  including  station  stops  in  m.p.h. 
in)  Train  resbtance  in  pounds  per  ton  of  2000  lb.  at  stated 

speeds 
(o)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 

equipment 
(P)  Profile  and  alinement  of  track 
(q)  Distance  coasted  as  a  per  cent,  of  the  distance  between 

station  stops 
(r)  Time  of  lay  over  at  end  of  run,  if  any. 
^9.  Stand  Test  Method  of  Comparing  Motor  Capacity  with 
Service  Requirements.  When  it  is  not  convenient  to  test  motors 
under  actual  specific  service  conditions,  recourse  may  be  had  to  the 
loDowing  method  of  determining  temperature  rise. 

M,  The  essential  motor  losses  affecting  temperatures  in  service 

are  those  in  the  motor  windings,  core  and  commutator.    The  mean 

service  conditions  may  be  expressed  as  a  close  approximation,  in 

f  tttms  of  that  continuous  current  and  core  loss  which  will  produce 

the  same  losses  and  distribution  of  losses  as  the  averajge  in  service. 

A  stand  test,  with  the  current  and  voltage  which  will  give 

'O^  equal  to  those  in  service,  will  determine  whether  the  motor  has 

sufficient  capacity  to  meet  the  service  requirements.  In  service,  the 

«njperature   of  an  enclosed  motor  (§97),*  well  exposed   to  the 

^ught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from 

|5|o 90  per  cent,  (depending  upon  the  character  of  the  service)  of 

^temperature  rise  obtained  on  a  stand  test  with  the  motor 

^pletelv  enclosed  and  with  the  same  losses.    With  a  ventilated 

^or  (§§98  and  100),*  the  temperature  rise  in  service  will  be  90  to 

Joo  per  cent,  of  the  temperature  rise  obtained  on  a  stand  test  with 

thesame  losses. 

**!•  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
f Siftft^  service,  it  is  essential  in  the  case  of  a  self-ventilated  motor 
vUOO),*  to  run  the  armature  at  a  speed  which  corresponds  to  the 
^edule  speed  in  service.  In  order  to  obtain  this  speed  it  may 
p  ^cessary,  while  maintaining  the  same  total  armature  losses, 
^  change  somewhat  the  ratio  between  the  PR  and  core  loss 
components. 

iUarw*  ^  "enclosed"  machine  is  so  completely  enclosed  by  integral  or  aux- 
^^  covers  as  to  prevent  a  circulation  of  air  between  the  inside  and  outside 

te  ^A*®'  ^^*  ^^^  sufficiently  tight  to  be  termed  air-tight, 
by  a'  '   "  separately  ventilated"  machine   has  its  ventilating  air  supplied 

Iftiil  ^'^'^cpendent  fan  or  blower  external  to  the  machine, 
from     ^    self -ventilated"  machine  is  a  semi-enclosed  machine,  differing 
lateH  K^P^r^t^ly  ventilated  machine  only  in  having  its  ventilating  air  circu- 

ItJu^  t  ^**^'  ^^o^®"^ »  o*"  centrifugal  device  integral  with  the  machine, 
pifti  *    heated  air  expelled  from  the  machine  is  conveyed  away  through  a 

^  attached  to  the  machine,  this  should  be  so  stated. 
15 
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442.  Calculatioii  for  Comparing  Motor  Capacity  with  Service 
Requirements.  The  heating  of  a  motor  should  be  determined, 
wherever  possible,  by  testing  it  in  service,  or  with  an  equivalent 
duty  cycle.  When  the  service  or  equivalent  duty  cycle  tests  are 
not  practicable,  the  ratings  of  the  motor  may  be  utilized  as  follows 
to  determine  its  temperature  rise. 

443.  The  motor  losses  which  affect  the  heating  of  the  windings 
are  as  stated  above,  those  in  the  windings  and  in  the  core.  The 
former  are  proportional  to  the  square  of  the  current.  The  latter 
vary  with  the  voltage  and  current,  according  to  curves  which  can 
be  supplied  by  the  manufacturers.  The  procedure  is  therefore  as 
follows: 

444.  (a)  Plot  a  time-current  curve  and  a  time-voltage  curve  for 
the  duty  cycle  which  the  motor  is  to  perform,  and  calculate  from 
these  the  root  mean«square  current  and  the  equivalent  voltage 
which  with  r.m.s.  current  will  produce  the  average  core  loss. 

446.  (b)  If  the  calculated  r.m.s.  service  current  exceeds  the 
continuous  rating,  when  run  with  average  service  core  loss  and 
speed,  the  motor  is  not  sufficiently  powerful  for  the  duty  cycle 
contemplated. 

446.  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  run  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.    In  some 
cases,  however,  it  may  not  have  sufficient  thermal  capacity  to  avoid 
excessive  temperature   rises  during   the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  required,  the  first  step  of  which 
is  to  calculate  the  temperature  rise  due  to  the  r.m.s.  service  cur- 
rent, and  equivalent  voltage. 

^  A    Z  rl^^i™  ^w^^^^   I  with  r.m.s.  service  current,  and  equiva- 
S  =  c:fetk:.      I  lent  service  voltage. 

T  =  temperature  rise  ]  with    continuous   load  current   corre- 

Po  =  I^R  loss,  kw.  \  sponding    to  the    equivalent  .  service 

Pc  =  core  loss,  kw.  J  voltage. 
Then 

^  ~  ^  dTd  »  approximately. 

447.  (d)  The  thermal  capacity  of  a  motor  is  approximately 
measured  by  a  coefficient  equal  to  the  ratio  of  the  electrical  loss  in 
kw.  at  its  nominal  (i-hour)  capacity,  to  the  corresponding  maxi- 
mum observable  temperature  rise. 

448.  (e)  Consider  any  period  of  peak  load  and  determine  the 
electrical  losses  in  kilowatt  hours  during  that  period  from  the 
electrical  efficiency  curve.  Find  the  excess  of  the  above  losses  over 
the  losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss  divided  by  the  coefficient  of  thermal  capacity  will  equal 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiva- 
lent voltage,  gives  the  total  temperature  rise.  If  the  total  tem- 
perature rise  in  any  such  period  exceeds  the  safe  limit,  the  motor 
is  not  sufficiently  powerful  for  the  service. 
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419.  (/)  If  the  temperature  reached  due  to  the  peak  loads  does 
not  ezcefd  the  safe  limit,  the  motor  may  yet  be  unsuitable  for  the 
KTvice,  as  the  peak  loads  majr  cause  excessive  sparking  and  danger- 
Nfi  mechanical  stresses.  It  is,  therefore,  necessary  to  compare  the 
ttk  loads  with  the  short-period  overload  capacity.  If  the  peaks 
n  also  within  the  capacity  of  the  motor,  it  may  be  considered 
nitablc  for  the  given  cfuty  cycle. 

Method  <tf  Apprazimatfaig  the  N<miiiial  lUting  of  a  Motor  N 
■7  for  a  Given  Service.  If  the  motor  selected  to  move  its  portion 
f  the  weight  of  the  train  be  of  too  great  capacity  it  may  operate 
t  an  efficiency  disad- 
totage,  moreover  an  * 
dded  expenditure  of 
*gy  will  be  caused  in 
ttsporting  its  surplus 
tight,  and  due  to  this 
Mus  weight,  a  part 
i»hidi  is  generally  not 
•nng  bome,  there  will 
*lt  an  increase  in  ^ 
■Pttse  of  truck  and  x 
>ck  maintenance.  If,  5 
'  the  other  hand,  the  C 
Dtor  selected  be  of  too  Z 
^  capacity  it  may  2 
iit  excessively,  com-  ;9  is 
ntation  may  be  de-  5 
«ive,  or  possibly  the  g 
»que  will  be  insuffi-  g 
*?t  to  afford  the  re- 
^  rate  of  accelera- 
2  01  to  maintain  the 
"*«i  schedule. 
^BTFes  for  Prelimi- 
*^  Motor  Rating 
•lection.  Fig.  i 
"ows  empirical  curves 
>m  a  paper  by  Mr.  F. 
•Carter,  Institution 
Electrical  Engineers, 
^'  These  curves 
^y  be  used  for  the 
^iwinary  selection  of  a 
>tor  of  proper  rating, 
^btaimng  these  curves,  the  characteristics  of  a  normal  railway 
)tor  were  taken,  and  from  them  was  deduced  a  set  of  train 
Wacteristics,  corresponding  to  different  rates  of  acceleration  and 
terent  ranges  of  speed-curve  running,  care  being  taken  that  the 
Jtor  was  fdways  employed  as  it  actually  would  be  in  normal 
JUrban  service.  To  allow  for  the  inertia  of  rotating  parts  the 
ective  weight  of  the  train  was  taken  as  8  per  cent,  in  excess  of 
-  actual  weight .    Coasting  was  assumed  to  occupy  17  H  per  cen t . 


& 

I 

I 


20     22     24     26     28     80        

8eh«d  Speed. (M.P.H.)  X  Vstopa  per  mile 

Pig.  I. — Curves  for  the  preliminary  determi- 
nation of  required  hor^-power  rating  of  direct- 
current  motor. 
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of  the  total  running  time.  The  average  rate  of  braking  was  take 
at  1.75  miles  per  hour  per  second.  For  train  resistance,  const ai 
figures  of  13  lb.  per  ton  while  power  is  on  and  15  lb.  per  ton  duj 
ing  coasting  were  assumed,  it  being  impracticable  to  allow  thes 
figures  to  vary  with  the  speed.  The  rated  motor  horse-power  n 
quired  for  the  train  will  then  be  approximately  equal  to  the  valu 

"Horse-power  per  ton  weight  of  train,  XA/stops  per  mile'*  (obtaine 

from  the  curve)  divided  by\/stops  per  mile^and  multiplied  by  th 
number  of  tons  weight  of  train. 

In  the  following  is  outlined  a  method  of  selecting  a  motor  to  b 
first  considered  in  deciding  on  a  motor  for  a  given  service.  Th 
motor  thus  selected  may  not  be  the  one  best  suited  for  the  particula 
service,  but  its  use  in  plotting  preliminary  run  curves  wiU  giv 
a  start  toward  making  a  more  accurate  selection  of  a  motor  to  b 
finally  investigated  for  capacity  as  limited  by  heating.  Briefi] 
the  method  is  as  follows:  First,  approximate  both  the  value  of  powe 
required  to  propel  the  train  and  the  current  flowing  at  the  end  o 
.the  straight  line  acceleration  period  on  a  typical  run  of  the  servio 
to  be  supplied  by  the  motor.  Then  select  the  motor  whoa 
nominal  rating  (see  A.I.E.E.  Standardization  Rules,  page  221)  h 
nearest  these  approximate  values  of  power  required  and  currenl 
flowing.    These  values  are  given  by  the  following  formulas: 

J,  ^  WTSX  1.467X745-6 

n  X  550  X  1000 

^  WTS  ^  0.002  WTS 

soon  n 

^  WTS  ^  0.00267  WTS 

^      Srsn  n 

-       2WTS ,      ,.      ^ 
/  =     ,,„ —  for  direct  current 
UE 

2  WTS,       .     ,      , 

for  single  phase 


in  which 


UjE 


P  =  nominal  rating  of  motor  according   to   A.I.E.E, 
Standardization  Rules,  1914,  kilowatts 

TVT  ^u  •        .•  'WTS  .   0,Q02WTS 

Note:    The  approximations  and are  conven* 

SCO  n  n 

lent    and    sufficiently    accurate    for  most    practical    work.    The 

,  WTS     ,  0.00199  jrrs"         ,.   , 

true  values  are and  ^^ ,  respectively 

P\  —  nominal  rating  of  motor  according   to   A.I.E.E^ 

Standardization  Rules,  1914,  horse-power  , 

/  ==  nominal  current  per  motor  at  output  P,  amperes    , 

n  =  number  of  similar  motors  driving  train 

W  =  total  weight  of  train  (including  load  and  motors)* 

tons  i 

T  =  approximate  total  tractive  effort  required  at  thi 

driving  wheel  treads  of  the  train  during  straign 
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line  acceleration,  at  the  end  of  straight  line  accelera- 
tion period,  pounds  per  ton 

+  f  -h  C  ±  G)  ior  grades  and  curves 


0.0x098^ 

:^  -\-f)  on  tangent  level  track 


^0.01098  A' 

in  which  A  »  rate  of  straight  line  acceleration,  miles  per  hour 
per  second 

K  =  approximate  ratio  of  linear  inertia  to  total  inertia 
of  train  (see  page  172).  Unless  more  definitely 
known,  the  value  of  K  may  be  taken  to  be  0.90 
for  a  trial 

C  =  track  curve  resistance  (see  p.  169),  pounds  per  ton 
weight  of  train 

G  =  track  grade  resistance  (see  p.  170),  pounds  per  ton 
weight  of  train 

/  =  approximate  train  resistance  (see  p.  147)  at  the  end 
of  straight  line  acceleration  (at  speed  5,  which  see 
below),  pounds  per  ton  weight  of  train.  Unless 
more  dennitely  known,  the  value  of  /  may,  for  trial, 
be  taken  to  be  15  lb.  per  ton  weight  of  train 

S  =  speed  of  train  at  end  of  straight  line  acceleration 
period  of  typical  run  on  section  over  which  motor 
is  to  operate,  miles  per  hour.  If  the  value  of  S  is  not 
known  it  may,  for  trial,  be  taken  to  be  60  per  cent. 
of  the  maximum  speed  attained  during  the  typical 
run.  If  the  maximum  speed  attained  during  the 
typical  run  is  not  known,  the  value  of  S  may  be 
approximated  by  the  following  process:  Let  L  = 
the  length  of  the  typical  run,  miles;  and  let 
f  =  time  the  train  is  in  motion,  seconds  from 
start  to  stop.  From  Fig.  60  (p.  193)  find 
the  maximum   speed   5'   attained   by  making    a 

i>mile  run  in  —7-=  seconds  with    a  gross  tractive 

eflfort  T  (whose  value  is  given  above).  Then  the 
required  approximate  speed  of  train,  at  the  end  of 

the  straight  line  acceleration  period,  S  ^  S'm  a/Z, 
in  which  m  =  ratio  of  speed  of  train  at  end  of 
straight  line  acceleration  period  of  typical  run  to 
maximum  speed  attained  oy  the  train  during  the 
typical  run.  The  value  of  m  is  fixed  by  experience, 
but  for  a  trial  it  may  be  taken  to  be  0.6 

U  =  approximate  full  load  eflfidency  of  motor  decimally 
expressed.  Its  value  may  be  taken  as  that  of  the 
motor  which  it  is  suspected  may  be  used,  or,  for 
trial,  it  may  be  taken  to  be  0.85 

E  =  electromotive  force  applied  to  motors  at  end  of 
straight  line  acceleration  period  of  typical  run,  volts. 
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(It  is  assumed  that  all  motors  will  be  subjected  to 
the  same  electromotive  force  at  the  end  of  the 
straight  line  acceleration  period.)  If,  in  direct- 
current  operation,  the  motors  are  all  in  parallel  and 
have  no  resistance  in  series  with  them,  this  is  the 
trolley  or  third  rail  potential  at  the  car 
j  =  power  factor  of  motor  at  nominal  rated  load.  It 
may  be  that  for  the  motor  which  it  is  suspected 
may  be  used,  or,  for  trial,  its  value  may  be  taken 
to  be  0.90. 

The  available  motor  having  a  nominal  rating  (see  A.LE.E., 
Standardization  Rules,  p.  221)  nearest  the  above  value  of  P  at  the 
above  current  /  and  the  electromotive  force  E  may  then  be  selected 
as  the  first  motor  to  be  tried  in  furthering  the  investigation.     The 
next  step  is  to  construct  the  speed-time  curve  for  the  train  and 
the   current    per    motor  time  curve  (see  Rxm  Curves,  p.   177) 
with  the  motor  selected  for  triaj.    If  the  nominal  rated  full  load 
current  gives  a  value  of  tractive  effort  greater  than  is  necessary 
for  the  required  rate  of  straight  line  acceleration  a  smaller  motor  or 
a  lower  gear  ratio  should  be  tried.    If,  on  the  other  hand,  the 
nominal  rated  full  load  current  gives  a  value  of  tractive  effort  less 
than  is  necessary  for  the  required  rate  of  straight  line  acceleration, 
a  larger  motor  or  a  higher  gear  ratio  should  be  tried.    Whether 
the  motor  or  gear  ratio  or  both  should  be  dianged  is  a  matter  to 
be  decided  on  the  proportion  of  the  required  tractive  effort  that  the  . 
full  load  tractive  effort  is  in  excess  or  lacking,  and  the  rating  of  Uig 
-   motors  available.    Except  for  capacity  as  limited  by  heating,  the 
suitability  of  the  motor  and  gear  ratio  selected  will  be  indicated  on 
the  plotting  of  the  entire  speed-time  curve.    The  highest  gear  ratio 
(lowest  speed  gear)  with  which  the  run  can  be  made  in  the  required 
time  will  generally  bring  about  the  coolest  motor  operation  and  the 
least  energy  consumption  per  car  mile.    It  is  common  practice, 
however,  to  make  the  selection  so  that,  in  order  to  compensate 
for  incidental  delays,  the  train  can  make  the  run  in  about  10  per 
cent,  less  than  the  schedule  time.    Ordinary  rush  hour  loads  will 
thus  be  provided  for.    The  heavier  rush  hour  loads  or  trailer  service 
during  a  portion  of  the  time  of  operation  must  be  provided  for  by 
selecting  a  larger  motor  than  is  necessary  for  the  ordinary  service, 
or  by  depending  upon  a  i>ossible  overload  capacity  of  the  motor 
if  this  overload  endures  only  for  a  period  permissible  by  the  heating 
capacity  of  the  motor. 

The  capacity  of  a  motor  which  is  suflSciently  strong  mechanically 
and  will  commutate  satisfactorily  is  limited  by  the  heating  of  the 
motor  by  the  energy  dissipated  as  losses.  Therefore,  a  study  of 
the  motor  and  gear  ratio  must  be  made  with  regard  to  motor  heating 
by  making  a  comparison  with  the  service  requirements. 

Details  of  Indirect  Methods  of  Comparison  of  Motor  Capacity  with 

Service  Requirements 

Method  by  Continuous  Capacity  of  Motor.  The  method  out- 
lined in  the  following,  of  investigating  to  determine  whether  or  not 
the  capacity  of  a  given  motor  equipment  is  sufficient  for  a  given 
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service  is  due  to  Mr,  N,  W,  Storer,  Street  Railway  Journal,  igoi, 
and  Electric  Journal,  looS.  The  method  consists  in  running  the 
motor  on  a  testing  stanci  at  such  values  of  current  and  voltage  that 
Ihe  windings  losses  and  core  losses  resulting  will  be  equal  to  the 
average  windings  losses  and  core  losses  ot  the  motor  in  actual  service, 
(See  Par.  420,  p,  212.)  The  motor  temperatures  reached  during 
tiie  lest  arc  noted.  These  values  of  current  and  voltage  are  called 
"equivalent  heating  current"  and  "equivalent  voltage,"  respec- 
tively and  may  be  obtained  as  indicated  in  the  following: 

EgniraleDt  Heating  Cnrrent  This  is  the  value  of  the  current 
■hidi  during  the  total  time  of  the  run  (including  accelerating, 
coasting,  brtiking  and  stop  periods)  would  cause  a  total  energy  loss 
ia  the  windings  equal  to  that  for  the  run.  (Also  see  under  Equiva- 
lent Voltage,  p.  23i.)  It  is  equal  to  the  square  root  of  the  average 
3uare  of  the  current  throughout  the  run.  If  the  abscissa  of  each 
severa!  points  of  the  curve  of  aniperes  per  motor  plotted  with 
tine  as  abscissas  (see  Fig.  z)  be  squared  and  the  values  of  these 
squares  be  plotted  and  the  successive  points  thus  found,  connected. 
, |j£  (current)' values  will  result.     The  "equivalent  heating 


current"  will  then  be  equal  to  -v/^  ic 


=  the  number  of  amperes  represented  by  each  u 


ts  used  ia  A,t  and  t  ate  the  same.) 
^  total  time  of  run  (sum  of  accelerating,  coasting, 
braking  and  stop  periods)  seconds. 


m   MB     X 

MM  «■)    3D 


Fig.  2.— TyiHcal  curves  ot  apeed.  current,  voltage  and  core  loss. 

Core  Loss  Curve.  The  loss  represented  by  the  abscissa  of  any 
P«iat  on  the  core  loss  curve  is  equal  to  the  core  loss  in  the  motor 
™e  to  the  voltage  applied  to  and  the  current  flowing  in  the  motor 
|it  that  instant.  These  values  of  voltage,  current  and  core  loss  may 
W  obtained  from  the  volts  per  motor  and  current  per  motor  curves. 
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for  short  periods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.    The  following  temperatures  are  permissible: 

Operating  Temperatures* 


Maximum  observable  temperature  of  windings 
when  in  continuous  service 

Class  of 
materialt 

Short  periods 

Continuous 

By  ther- 
mometer 

By  resist^ 
ance 

By  ther- 
mometer 

By  resist- 
ance 

A2 

B 

lOO 

115 

125 

14s 

85 
100 

no 
130 

*  For  infrequent  occasions,  due  to  extreme  ambient  temperatures,  it  is  per- 
missible to  operate  at  15  deg.  higher  temperature.  . 

420.  With  a  view  to  not  exceeding  the  above  temperature  limi- 
tations the  continuous  ratings  shall  be  based  upon  the  temperature 
rises  tabulated  below: 

Temperature  Rises  on  Stand  Test* 


Class  of  material  t 

Temperature  rises  of  windings 

By  thermometer 

By  resistance 

A2 

B 

65 
80 

85 
105 

421.  Field-control  Motors.  The  nominal  and  continuous  rat- 
ings of  field-control  motors  shall  relate  to  their  performance  with 

*  The  temperature  rise  in  service  may  be  very  different  from  that  on  stand 
test.  See  (440  for  relation  between  stand  test  and  service  temperatures,  as 
affected  by  ventilation. 

1 188.  Table  of  Hottest-spot  Temperatures  and  of  Corresponding  Permis- 
sible Temperature  Rises. 


Class 

Description  of  insulation 

Highest  per- 
missible tem- 
peratures for 
hottest  spot 

Highest   per- 
missible tem- 
I>erature  rise 
of  hottest 
spot  above 
40  deg.  for  the 

purpose  of 
fixing  the  In- 
stitute  rating 

Ai 

Cotton,  silk,  paper  and  other  fibrous 
materials,  not  so  treated  as  to  increase 
the  thermal  limit. 

95  deg.  C. 

55  deg.  C. 

A2 

Similar  to  Ax,  but  treated    or  impreg- 
nated and  including  enameled  wire. 

105  deg.  C. 

65  deg.  C. 

B 

Mica,  asbestos  or  other  material  cap- 
able of  resisting  high  temperatures,  in 
which  any  Class  A  material  or  binder, 
if  used,  is  for  structural  purposes  only, 
and  may  be  destroyed  without  im- 
pairing the  insulating  or  mechanical 
qualities. 

125  deg.  C. 

85  deg.  C. 

C 

Fireproof  and  refractory  materials 

No  limits 

1  specified 

0 
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the  operating  field  which  gives  the  manmum  motor  rating.  Each 
section  of  the  field  windings  shall  be  adequate  to  perform  the  ser- 
vice required  of  it,  without  exceeding  the  specified  temperature 
rises. 

Characteristic  Ciures 

422.  The  characteristic  curves  of  railway  motors  shall  be  plotted 
with  the  current  as  abscissas  and  the  tractive  effort,  speed  and 
efficiency  as  ordinates.  In  the  case  of  altemating-current  mo- 
tors, the  power  factor  values  shall  also  be  plotted  as  ordinates. 

423.  Characteristic  curves  of  direct-current  motors  shall  be 
based  upon  full  voltage,  which  shall  be  taken  as  6oo  volts,  or  a 
multiple  thereof. 

424.  In  the  case  of  field-control  motors,  characteristic  curves 
shall  be  given  for  all  operating  field  connections. 

Efficiency  and  Losses 

426.  The  efficiency  of  railway  motors  shall  be  deduced  from  a 
determination  of  the  losses  enumerated  in  §§426, 427, 428, 429  and 
430.    (See  also  §§436  and  437.) 

426.  The  copper  loss  shall  be  determined  from  resistance 
measurements  corrected  to  75  deg.  C. 

427.  The  no-load  core  loss,  orush  friction,  armature  bearing 
frictiQa  and  windage  shall  be  determined  as  a  total  under  the 
foUowing  conditions: 

In  making  the  test,  the  motor  shall  be  run  without  gears. 
The  kind  of  brushes  and  the  brush  pressure  shall  be  the  same 
i&  in  commercial  service.  With  the  field  separately  excited,  such 
a  voltage  shall  be  applied  to  the  armature  terminals  as  will  give 
the  same  speed  for  any  given  field  current  as  is  obtained  with  that 
field  current  when  operating  at  normal  voltage  under  load.  The 
sum  of  the  losses  above  mentioned  is  equal  to  the  product  of  the 
coimter-electromotive  force  and  the  armature  current. 

.^8.  The  core  loss  in  d.  c.  motors  shall  be  separated  from  the 
^on  and  windage  losses  above  described  by  measuring  the 
power  required  to  drive  the  motor  at  any  given  speed  without 
S^,  by  running  it  as  a  series  motor  on  low  voltage  and  deducting 
^  loss  from  the  sum  of  the  no-load  losses  at  corresponding  speed. 
(See  §437  for  alternative  method.) 

The  friction  and  windage  losses  under  load  shall  be  assumed  to 
"^  the  same  as  without  load,  at  the  same  speed. 

The  core  loss  under  load  i^all  be  assumed  as  follows: 


Per  cent,  of  input  at 
nominal  rating 


Loss  as  per  cent,  of  no-load 
core  loss 


200 

16s 

ISO 

US 

100 

130 

75 

125 

50 

123 

25  and  tinder 

122 

Note:  With  motors  designed  for  field  control  the  core  losses  shall  be 
j^umed  as  the  same  for  both  ftill  and  permanent  field.  It  shall  be  the  mean 
Between  the  no-load  losses  at  full  and  permanent  field  increased  by  the  per- 
centages given  in  the  above  table. 


222 


ELECTRIC  RAILWAY  HANDBOOK 


for  short  periods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.    The  following  temperatures  are  permissible: 

Operating  Temperatures* 


Maximum  observable  temperature  of  windings 
when  in  continuous  service 

Class  of 
materialt 

Short  periods 

Continuous 

By  ther- 
mometer 

By  resist- 
ance 

By  ther- 
mometer 

By  resist- 
ance 

A2 

B 

100 

115 

125 
145 

85 
100 

no 
130 

*  For  infrequent  occasions,  due  to  extreme  ambient  temperatures,  it  is  per- 
missible to  operate  at  15  deg.  higher  temperature. 

420.  With  a  view  to  not  exceeding  the  above  temperature  limi- 
tations the  continuous  ratings  shall  be  based  upon  the  temperature 
rises  tabulated  below: 

Temperature  Rises  on  Stand  Test* 


Class  of  material  t 

Temperature  rises  of  windings 

By  thermometer 

By  resistance 

A2 
B 

65 
80 

85 
105 

421.  Field-control  Motors.  The  nominal  and  continuous  rat- 
ings of  field-control  motors  shall  relate  to  their  performance  with 

*  The  temperature  rise  in  service  may  be  very  different  from  that  on  stand 
test.  See  }440  for  relation  between  stand  test  and  service  temperatures,  as 
affected  by  ventilation. 

1 188.  Table  of  Hottest-spot  Temperatures  and  of  Correspondinc  Permis- 
sible Temperature  Rises. 


Class 

Description  of  insulation 

m 

Highest  per- 
missible tem- 
peratures for 
hottest  spot 

Highest  per- 
missible tem- 
perature rise 
of  hottest 
spot  above 
40  deg.  for  tlie 

purpose  of 
fixing  the  In- 
stitute rating 

Ai 

Cotton,  silk,  paper  and  other  fibrous 
materials,  not  so  treated  as  to  increase 
the  thermsd  limit. 

95  deg.  C. 

55  deg.  C. 

Aa 

Similar  to  Ai,  but  treated    or  impreg- 
nated and  including  enameled  wire. 

105  deg.  C. 

65  deg.  C. 

B 

Mica,  asbestos  or  other  material  cap- 
able of  resisting  high  temperatures,  in 
which  any  Class  A  material  or  binder, 
if  used,  is  for  structural  purposes  only, 
and  may  be  destroyed  without  im- 
pairing the  insulating  or  mechanical 
qualities. 

125  deg.  C. 

8s  deg.  C. 

C 

Fireproof  and  refractory  materials 

No  limits 

1  specified 
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(/)  Number  of  motors. per  motor  car 

(l)  Voltage  at  train  with  power  on  the  motors — average,  maxi- 
mum and  minimum 

(h)  Rate  of  acceleration  in  m.p.h.  per  second 

(i)  Rate  of  braking  (retardation  in  m.p.h.  per  second) 
I         (j)  Speed  limitations,  if  any  (including  slowdowns) 

(k)  Distances  between  stations 

(l)  Duration  of  station  stops 
(m)  Schedule  speed  including  station  stops  in  m.p.h. 

(n)  Train  resbtance  in  pounds  per  ton  of  2000  lb.  at  stated 
speeds 

(0)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 
equipment 

(p)  Profile  and  alinement  of  track 

(q)  Distance  coasted  as  a  per  cent,  of  the  distance  between 
station  stops 

(r)  Time  of  lay  over  at  end  of  run,  if  any. 

439.  Stand  Test  Method  of  Comparing  Motor  Capacity  with 
Service  Requirements.  When  it  is  not  convenient  to  test  motors 
under  actual  specific  service  conditions,  recourse  may  be  had  to  the 
following  method  of  determining  temperature  rise. 

440.  The  essential  motor  losses  affecting  temperatures  in  service 
are  those  in  the  motor  windings,  core  and  commutator.  The  mean 
service  conditions  may  be  expressed  as  a  close  approximation,  in 
terms  of  that  continuous  current  and  core  loss  which  will  produce 
the  same  losses  and  distribution  of  losses  as  the  average  in  service. 

A  stand  test^  with  the  current  and  voltage  which  will  give 
losses  equal  to  those  in  service,  will  determine  whether  the  motor  has 
sufficient  capacity  to  meet  the  service  requirements.  In  service,  the 
temperature  of  an  enclosed  motor  (§97),*  well  exposed  to  the 
<lraught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from 
75  to  90  per  cent,  (depending  upon  the  character  of  the  service)  of 
^  temperature  rise  obtained  on  a  stand  test  with  the  motor 
completely  enclosed  and  with  the  same  losses.  With  a  ventilated 
flJotor  (§§98  and  100),*  the  temperature  rise  in  service  MriU  be  90  to 
100  per  cent,  of  the  temperature  rise  obtained  on  a  stand  test  with 
the  same  losses. 

441.  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
specific  service,  it  is  essential  in  the  case  of  a  self- ventilated  motor 
(§100),*  to  run  the  armature  at  a  speed  which  corresponds  to  the 
schedule  speed  in  service.  In  order  to  obtain  this  speed  it  may 
^  necessary,  while  maintaining  the  same  total  armature  losses, 
to  change  somewhat  the  ratio  between  the  I^R  and  core  loss 
components. 

.  *W.  An  ''enclosed'*  machine  is  so  completely  enclosed  by  integral  or  aux- 
u|^  covers  as  to  prevent  a  circulation  of  air  between  the  mside  and  outside 

iSf  case,  but  not  sufficiently  tight  to  be  termed  air-tight. 

So.  A  •*  separately  ventilated"  machine    has  its  ventilating  air  supplied 

liS  independent  fan  or  blower  external  to  the  machine. 

^00.  A  ^lelf -ventilated*'  machine  is  a  semi-enclosed  machine,  differing 
]i°A  ^^P^rately  ventilated  machine  only  in  having  its  ventilating  air  circu- 

T*  V  ^  *  ^*"^'  b^o^®r,  or  Centrifugal  device  integral  with  the  machine. 
.  If  the  heated  air  expelled  from  the  machine  is  conveyed  away  through  a 
pipe  attached  to  the  -machine,  this  should  be  so  stated. 
15 
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442.  Calculation  for  Comparing  Motor  Capacity  with  Service 
Requirements.  The  heating  of  a  motor  should  be  determined, 
wherever  possible,  by  testing  it  in  service,  or  with  an  equivalent 
duty  cycle.  When  the  service  or  equivalent  duty  cycle  tests  are 
not  practicable,  the  ratings  of  the  motor  may  be  utilized  as  follows 
to  determine  its  temperature  rise. 

443.  The  motor  losses  which  a£Fect  the  heating  of  the  windings 
are  as  stated  above,  those  in  the  windings  and  in  the  core.  Xhe 
former  are  proportional  to  the  square  of  the  current.  The  latter 
vary  with  the  voltage  and  current,  according  to  curves  which  can 
be  supplied  by  the  manufacturers.  The  procedure  is  therefore  as 
follows:  ^    ■ 

444.  (a)  Plot  a  time-current  curve  and  a  time-voltage  curve  for 
the  duty  cycle  which  the  motor  is  to  perform,  and  calculate  from 
these  the  root  mean-square  current  and  the  equivalent  voltage 
which  with  r.m.s.  current  will  produce  the  average  core  loss. 

446.  (b)  If  the  calculated  r.m.s.  service  current  exceeds  the 
continuous  rating,  when  run  with  average  service  core  loss  and 
speed,  the  motor  is  not  sufficiently  powerful  for  the  duty  cycle 
contemplated. 

446.  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  nm  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.    In  some 
cases,  however,  it  may  not  have  sufficient  thermal  capacity  to  avoid 
excessive  temperature   rises  during   the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  required,  the  first  step  of  which 
is  to  calculate  the  temperature  rise  due  to  the  r.m.s.  service  cur- 
rent, and  equivalent  voltage. 

pi  =  core  los^,  kw.      J  •«="*  "^^  ^o"»««- 

T  =  temperature  rise  ]  with    continuous    load  current    corre- 

Po  —  I^R  loss,  kw.  (•  sponding    to   the    equivalent  .  service 

Pc  =  core  loss,  kw.  J  voltage. 
Then 

^  ~  ^  D     I    D  y  approximately. 
Jro  -r  -te 

447.  (d)  The  thermal  capacity  of  a  motor  is  approximately 
measured  by  a  coefficient  equal  to  the  ratio  of  the  electrical  loss  in 
kw.  at  its  nominal  (i-hour)  capacity,  to  the  corresponding  maxi- 
mum observable  temperature  rise. 

448.  (e)  Consider  any  period  of  peak  load  and  determine  the 
electrical  losses  in  kilowatt  hours  during  that  period  from  the 
electrical  efficiency  curve.  Find  the  excess  of  the  above  losses  over 
the  losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss  divided  by  the  coefficient  of  thermal  capacity  will  equal 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiva- 
lent voltage,  gives  the  total  temperature  rise.  If  the  total  tem- 
perature rise  in  any  such  period  exceeds  the  safe  limit,  the  motor 
is  not  sufficiently  powerful  for  the  service. 
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(/)  Number  of  motors  per  motor  car 

(g)  Voltage  at  train  with  power  on  the  motors — average,  maxi- 
mum and  minimum 
(h)  Rate  of  acceleration  in  m.p.h.  per  second 
(i)  Rate  of  braking  (retardation  in  m.p.h.  per  second) 
(j)  Speed  limitations,  if  any  (including  slowdowns) 
(j^)  Distances  between  stations 
(0  Duration  of  station  stops 
(m)  Schedule  speed  including  station  stops  in  m.p.h. 
(»)  Train  resistance  in  pounds  per  ton  of  2000  lb.  at  stated 

speeds 
(o)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 

equipment 
(p)  Profile  and  alinement  of  track 
(q)  Distance  coasted  as  a  per  cent,  of  the  distance  between 

station  stops 
(r)  Time  of  lay  over  at  end  of  run,  if  any. 
,  439.  Stand  Test  Method  of  Comparing  Motor  Capacity  with 
Service  Requirements.  When  it  is  not  convenient  to  test  motors 
under  actual  specific  service  conditions,  recourse  may  be  had  to  the 
following  method  of  determining  temperature  rise. 

440.  The  essential  motor  losses  affecting  temperatures  in  service 
are  those  in  the  motor  windings,  core  and  commutator.  The  mean 
service  conditions  may  be  expressed  as  a  close  approximation,  in 
terms  of  that  continuous  current  and  core  loss  which  will  produce 
the  same  losses  and  distribution  of  losses  as  the  average  in  service. 

A  stand  test,  with  the  current  and  voltage  which  will  give 

losses  equal  to  those  in  service,  will  determine  whether  the  motor  has 

sufficient  capacity  to  meet  the  service  requirements.   In  service,  the 

temperature  of  an  enclosed  motor  (§97),*  well  exposed   to  the 

draught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from 

7  S  to  90  per  cent,  (depending  upon  the  character  of  the  service)  of 

tie  temperature  rise  obtained  on  a  stand  test  with  the  motor 

completely  enclosed  and  with  the  same  losses.    With  a  ventilated 

motor  (§§98  and  100),*  the  temperature  rise  in  service  will  be  90  to 

100  per  cent,  of  the  temperature  rise  obtained  on  a  stand  test  with 

the  same  losses. 

441.  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
specific  service,  it  is  essential  in  the  case  of  a  self-ventilated  motor 
(§100),*  to  run  the  armature  at  a  speed  which  corresponds  to  the 
schedule  speed  in  service.  In  order  to  obtain  this  speed  it  may 
be  necessary,  while  maintaining  the  same  total  armature  losses, 
to  change  somewhat  the  ratio  between  the  PR  and  core  loss 
components. 

,  *97.  An  "enclosed"  machine  is  so  completely  enclosed  by  integral  or  aux- 
iliary covers  as  to  prevent  a  circulation  of  air  between  the  inside  and  outside 
of  its  case,  but  not  sufficiently  tight  to  be  termed  air-tight. 

t8.  A  ''separatehr  ventilated"  machine  has  its  ventilating  air  supplied 
by  an  independent  fan  or  blower  external  to  the  machine. 

100.  A  "self -ventilated"  machine  is  a  semi-enclosed  machine,  differing 
from  a  separately  ventilated  machine  only  in  having  its  ventilating  air  circu- 
lated by  a  fan,  blower,  or  centrifugal  device  integral  with  the  machine. 

^  If  the  heated  air  expelled  from  the  machine  is  conveyed  away  through  a 
pipe  attached  to  the  machine,  this  should  be  so  stated. 

15 
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442.  Calculation  for  Comparing  Motor  Capacity  with  Service 
Requirements.  The  heating  of  a  motor  should  be  determined, 
wherever  possible,  by  testing  it  in  service,  or  with  an  equivalent 
duty  cycle.  When  the  service  or  equivalent  duty  cycle  tests  are 
not  practicable,  the  ratings  of  the  motor  may  be  utilized  as  foUows 
to  determine  its  temperature  rise. 

443.  The  motor  losses  which  a£Fect  the  heating  of  the  windings 
are  as  stated  above,  those  in  the  windings  and  in  the  core.  The 
former  are  proportional  to  the  square  of  the  current.  The  latter 
vary  with  the  voltage  and  current,  according  to  curves  which  can 
be  supplied  by  the  manufacturers.  The  procedure  is  therefore  as 
follows; 

444.  (a)  Plot  a  time-current  curve  and  a  time-voltage  curve  for 
the  duty  cycle  which  the  motor  is  to  perform,  and  calculate  from 
these  the  root  mean-square  current  and  the  equivalent  voltage 
which  with  r.m.s.  current  will  produce  the  average  core  loss. 

446.  (b)  If  the  calculated  r.m.s.  service  current  exceeds  the 
continuous  rating,  when  run  with  average  service  core  loss  and 
speed,  the  motor  is  not  suflficiently  powerful  for  the  duty  cycle 
contemplated. 

446.  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  run  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.  In  some 
cases,  however,  it  may  not  have  sufficient  thermal  capacity  to  avoid 
excessive  temperature  rises  during  the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  required,  the  first  step  of  which 
is  to  calculate  the  temperature  rise  due  to  the  r.m.s.  service  cur- 
rent, and  equivalent  voltage. 

.    ""  T^JS^i^J^  ^\^  "^^   I  with  r.m.s.  service  current,  and  equiva- 
5::c:fe\^'.kw.       I  lent  service  voIUge. 

T  =  temperature  rise  ]  with    continuous   load  current   corre- 

Po  =  I^R  loss,  kw.  \  sponding    to  the    equivalent  .  service 

Pc  =  core  loss,  kw.  J  voltage. 
Then 

^  ~  ^  D     ,    D  y  approximately. 

447.  (d)  The  thermal  capacity  of  a  motor  is  approximately 
measured  by  a  coefficient  equal  to  the  ratio  of  the  electrical  loss  in 
kw.  at  its  nominal  (i-hour)  capacity,  to  the  corresponding  maxi- 
mum observable  temperature  rise. 

448.  (c)  Consider  any  period  of  peak  load  and  determine  the 
electrical  losses  in  kilowatt  hours  during  that  period  from  the 
electrical  efficiency  curve.  Find,  the  excess  of  the  above  losses  over 
the  losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss  divided  by  the  coefficient  of  thermal  capacity  will  equal 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiva- 
lent voltage,  gives  the  total  temperature  rise.  If  the  total  tem- 
perature rise  in  any  such  period  exceeds  the  safe  limiti  the  motor 
is  not  sufficiently  powerful  for  the  service. 


-( 
-( 
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line  acceleration,  at  the  end  of  straight  line  accelera- 
tion period,  pounds  per  ton 

-f-  /  +  C  ±  G)  for  grades  and  curves 


o.oiogSiC 

+  /)  on  tangent  level  track 


^0.01098^ 

in  which  A  »  rate  of  straight  line  acceleration,  miles  per  hour 
per  second 

K  =  approximate  ratio  of  linear  inertia  to  total  inertia 

of   train  (see   page   172).     Unless  more  definitely 

*  known,  the  value  of  K  may  be  taken  to  be  0.90 

for  a  trial 

C  =  track  curve  resistance  (see  p.  169),  pounds  per  ton 
weight  of  train 

G  =■  track  grade  resistance  (see  p.  170),  pounds  per  ton 
weight  of  train 

/  =  approximate  train  resistance  (see  p.  147)  at  the  end 
of  straight  line  acceleration  (at  speed  5,  which  see 
below),  pounds  per  ton  weight  of  train.  Unless 
more  definitely  known,  the  value  of  /  may,  for  trial, 
be  taken  to  be  15  lb.  per  ton  weight  of  train 

S  =  speed  of  train  at  end  of  straight  line  acceleration 

period  of  typical  run  on  section  over  which  motor 

is  to  operate,  miles  per  hour.    If  the  value  of  5  is  not 

known  it  may,  for  trial,  be  taken  to  be  60  per  cent. 

of  the  maximum  speed  attained  during  the  typical 

run.    If  the  maximum  speed  attained  during  the 

typical  run  is  not  known,  the  value  of  5  may  be 

approximated  by  the  following  process:  Let  L  = 

the    length  of  the   typical  run,  miles;  and   let 

/'  =  time  the  train  is  in  motion,  seconds  from 

start    to    stop.      From    Fig.    60     (p.    193)     find 

the  maximum   speed   S'   attained   by  making   a 

t' 
I -mile  run  in  —p  seconds  with    a  gross  tractive 

effort  T  (whose  value  is  given  above).  Then  the 
required  approximate  speed  of  train,  at  the  end  of 

the  straight  line  acceleration  period,  S  ^  S'  m  y/L 
in  which  m  =  ratio  of  speed  of  train  at  end  of 
straight  line  acceleration  period  of  typical  run  to 
maximum  speed  attained  by  the  train  during  the 
typical  run.  The  value  of  m  is  fixed  by  experience, 
but  for  a  trial  it  may  be  taken  to  be  0.6 

U  =  approximate  full  load  efficiency  of  motor  decimally 
expressed.  Its  value  may  be  taken  as  that  of  the 
motor  which  it  is  suspected  may  be  used,  or,  for 
trial,  it  may  be  taken  to  be  0.85 

E  =  electromotive  force  applied  to  motors  at  end  of 
straight  line  acceleration  period  of  typical  run,  volts. 
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(It  is  assumed  that  all  motors  will  be  subjected  to 
the  same  electromotive  force  at  the  end  of  the 
straight  line  acceleration  period.)  If,  in  direct- 
current  operation,  the  motors  are  all  in  parallel  and 
have  no  resistance  in  series  with  them,  this  is  the 
trolley  or  third  rail  potential  at  the  car 
j  =  power  factor  of  motor  at  nominal  rated  load.  It 
may  be  that  for  the  motor  which  it  is  suspected 
may  be  used,  or,  for  trial,  its  value  may  be  taken 
to  be  0.90. 

The  available  motor  having  a  nominal  rating  (see  A.I.E.E., 
Standardization  Rules,  p.  221)  nearest  the  above  value  of  P  at  the 
above  current  /  and  the  electromotive  force  E  tnzy  then  be  selected 
as  the  first  motor  to  be  tried  in  furthering  the  investigation.     The 
next  step  is  to  construct  the  speed-time  curve  for  the  train  and 
the   current    per    motor  time  curve  (see  Run  Curves,  p.    177) 
with  the  motor  selected  for  triaj.    If  the  nominal  rated  full  load 
current  gives  a  value  of  tractive  e£Fort  greater  iJian  is  necessary 
for  the  required  rate  of  straight  line  acceleration  a  smaller  motor  or 
a  lower  gear  ratio  should  be  tried.    If,  on  the  other  hand,  the 
nominal  rated  full  load  current  gives  a  value  of  tractive  effort  less 
than  is  necessary  for  the  required  rate  of  straight  line  acceleration, 
a  larger  motor  or  a  higher  gear  ratio  should  be  tried.    Whether 
the  motor  or  gear  ratio  or  both  should  be  changed  is  a  matter  to 
be  decided  on  the  proportion  of  the  required  tractive  effort  that  the 
full  load  tractive  effort  is  in  excess  or  lacking,  and  the  rating  of  the 
motors  available.    Except  for  capacity  as  limited  by  heating,  the 
suitability  of  the  motor  and  gear  ratio  selected  will  be  indicated  on 
the  plotting  of  the  entire  speed-time  curve.    The  highest  gear  ratio 
(lowest  speed  gear)  with  which  the  run  can  be  made  in  tiie  required 
time  will  generally  bring  about  the  coolest  motor  operation  and  the 
least  energy  consumption  per  car  mile.    It  is  common  practice, 
however,  to  make  the  selection  so  that,  in  order  to  compensate 
for  incidental  delays,  the  train  can  make  the  run  in  about  10  per 
cent,  less  than  the  schedule  time.    Ordinary  rush  hour  loads  mil 
thus  be  provided  for.    The  heavier  rush  hour  loads  or  trailer  service 
during  a  portion  of  the  time  of  operation  must  be  provided  for  by 
selecting  a  larger  motor  than  is  necessary  for  the  ordinary  service, 
or  by  depending  upon  a  possible  overload  capacity  of  tie  motor 
if  this  overload  endures  only  for  a  period  permissible  by  the  heating 
capacity  of  the  motor. 

The  capacity  of  a  motor  which  is  sufficiently  strong  mechanically 
and  will  commutate  satisfactorily  is  limited  by  the  heating  of  the 
motor  by  the  energy  dissipated  as  losses.  Therefore,  a  study  of 
the  motor  and  gear  ratio  must  be  made  with  regard  to  motor  heating 
by  making  a  comparison  with  the  service  requirements. 

Details  of  Indirect  Methods  of  Comparison  of  Motor  Capacity  with 

Service  Requirements 

Method  by  Continuous  Capacity  of  Motor.  The  method  out- 
lined in  the  following,  of  investigating  to  determine  whether  or  not 
the  capacity  of  a  given  motor  equipment  is  sufficient  for  a  given 
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service  b  dae  to  Mr.  N.  W.  Storer,  Street  Railway  Journal,  IQOI, 
ind  Electric  Jounul,  igoS.  The  method  consists  in  running  the 
motor  on  a  testing  stand  at  such  values  of  current  and  voltage  that 
Ihe  windings  losses  and  core  losses  resulting  will  he  equal  to  the 
average  windings  losses  and  core  losses  of  the  motor  in  actual  service. 
[See  Par.  420,  p.  222.)  The  motor  temperatures  reached  during 
the  test  are  noted.  These  values  of  current  and  voltage  are  called 
"equivalent  heating  current"  and  "equivalent  voltage,"  respec- 
tively and  may  be  obtained  as  indicated  in  the  followingr 

Eqnivaleiit  Heating  Cuirent.  This  is  the  value  of  the  current 
vhich  during  the  total  tima  of  the  run  (including  accelerating, 
coasting,  braking  and  stop  periods)  would  cause  a  total  energy  loss 
in  the  windings  equal  to  that  for  the  run.  (Also  see  under  Equiva- 
lent Voltage,  p.  23a.)  It  is  equal  to  the  square  root  of  the  average 
square  of  the  current  throughout  the  run.  If  the  abscissa  oF  each 
of  several  points  of  the  curve  of  ampteres  per  motor  plotted  with 
lime  as  abscissas  (see  Fig.  1)  be  squared  and  the  values  of  these 
squares  be  plotted  and  the  successive  points  thus  found,  connected, 
'  -  rve  of  (current)'  values  will  result.     The  "equivalent  heating 

ninent"  will  then  be  equal  to  ^j—  in  which 


i  s-  the  number  of  amperes  represented  by  each  unit 
ordinate 
;:  units  used  in  A,  t  and  i  are  the  same.) 
T  —  total  time  of  run  {sum  of  accelerating,  coasting. 
braking  and  stop  periods)  seconds. 


m  m   X   m 


Core  Lobs  Curve.  The  loss  represented  by  the  abscissa  of  any 
pwnt  on  the  cote  loss  curve  is  equal  to  the  core  loss  in  the  motor 
due  to  the  voltage  applied  to  and  the  current  flowing  in  the  motor 
at  that  instant.  These  values  of  voltage,  current  and  core  loss  may 
be  obtained  from  the  volts  per  motor  and  current  per  motor  curves. 
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for  short  periods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.    The  following  temperatures  are  permissible : 

Operating  Temperatures* 


Maximum  observable  temperature  of  windings 
when  in  continuous  service 

Class  of 
material  t 

Short  periods 

Continuous 

By  ther- 
mometer 

By  resist- 
ance 

By  ther- 
mometer 

By  resist- 
ance 

A2 

B 

100 

IIS 

I2S 

I4S 

8S 

100 

no 
130 

*  For  infrequent  occasions,  due  to  extreme  ambient  temperatures,  it  is  per- 
missible to  operate  at  is  deg.  higher  temperature. 

420.  With  a  view  to  not  exceeding  the  above  temperature  limi- 
tations the  continuous  ratings  shall  be  based  upon  the  temperature 
rises  tabulated  below: 

Temperature  Rises  on  Stand  Test* 


^^«                   m                         •     «  1 

Temperature  rises  of  windings 

Class  of  material  t 

By  thermometer 

By  resistance 

A2 

B 

6S 
80 

8S 
105 

421.  Field-control  Motors.  The  nominal  and  continuous  rat- 
ings of  field-control  motors  shall  relate  to  their  performance  with 

*  The  temperature  rise  in  service  may  be  very  different  from  that  on  stand 
test.  See  §440  for  relation  between  stand  test  and  service  temperatures,  as 
afifected  by  ventilation. 

1 188.  Table  of  Hottest-spot  Temperatures  and  of  Corresponding  Permis- 
sible Temperature  Rises. 


Class 

Description  of  insulation 

Highest  per- 
missible tem- 
peratures for 
hottest  spot 

Highest  per- 
missible tem- 
perature rise 
of  hottest 
spot  above 
40  deg.  for  the 

purpose  of 
fixing  the  In- 
stitute rating 

Az 

Cotton,  silk,  paper  and  other  fibrous 
materials,  not  so  treated  as  to  increase 
the  thermal  limit. 

95  deg.  C. 

SS  deg.  C. 

A2 

Similar  to  Ai,  but  treated    or  impreg- 
nated and  including  enameled  wire. 

I  OS  deg.  C. 

65  deg.  C. 

B 

Mica,  asbestos  or  other  material  cap- 
able of  resisting  high  temperatures,  m 
which  any  Class  A  material  or  binder, 
if  used,  is  for  structural  purposes  only, 
and  may  be  destroyed  without  im- 
pairing^ the  insulating  or  mechanical 
qualities. 

125  deg.  C. 

85  deg.  C. 

C 

Fireproof  and  refractory  materials 

No  limits 

t  specified 
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the  operating  field  which  gives  the  maximum  motor  rating.  Each 
section  of  the  field  windings  shall  be  adequate  to  perform  the  ser- 
vice required  of  it,  without  exceeding  the  specified  temperature 

rises. 

Chixacteristic  Cunres 

422.  The  characteristic  cunres  of  railway  motors  shall  be  plotted 
with  the  current  as  abscissas  and  the  tractive  effort,  speed  and 
efficiency  as  ordinates.  In  the  case  of  alternating-current  mo- 
torSf  thepower  factor  values  shall  also  be  plotted  as  ordinates. 

423.  Chancteristic  curves  of  direct-current  motors  shall  be 
based  upon  full  voltage,  which  shall  be  taken  as  6oo  volts,  or  a 
multiple  thereof. 

424.  In  the  case  of  field-control  motors,  characteristic  curves 
shall  be  given  for  all  operating  field  connections. 

Efficiency  and  Losses 

426.  The  efficiency  of  railway  motors  shall  be  deduced  from  a 
determination  of  the  losses  enumerated  in  §§426, 427, 428, 429  and 
43a    (See  also  §§436  and  437.) 

426.  The  copper  loss  shidl  be  determined  from  resistance 
measurements  corrected  to  75  deg.  C. 

427.  The  no-load  core  loss,  bruc^  friction,  armature  bearing 
friction  and  windage  shall  be  determined  as  a  total  under  the 
following  conditions: 

In  making  the  test,  the  motor  shall  be  run  without  gears. 
The  kind  of  brushes  and  the  brush  pressure  shall  be  the  same 
^  in  commercial  service.  With  the  field  separately  excited,  such 
&  voltage  shall  be  applied  to  the  armature  terminals  as  wiU  give 
tbe  same  speed  for  any  given  field  current  as  is  obtained  with  that 
field  current  when  operating  at  normal  voltage  under  load.  The 
^^  of  the  losses  above  mentioned  is  equal  to  the  product  of  the 
«>unter-electiomotive  force  and  the  armature  current. 

UB.  The  core  loss  in  d.  c.  motors  shall  be  separated  from  the 
uiction  and  windage  losses  above  described  by  measuring  the 
Pover  required  to  drive  the  motor  at  any  given  speed  without 
sears,  by  nmning  it  as  a  series  motor  on  low  voltage  and  deducting 
yus  loss  from  the  sum  of  the  no-load  losses  at  corresponding  speed. 
(See  §437  for  alternative  method.) 

The  friction  and  windage  losses  under  load  shall  be  assumed  to 
^  the  same  as  without  load,  at  the  same  speed. 

The  core  loss  under  load  shall  be  assumed  as  follows: 


Per  cent,  of  input  at 

Loss  as  X)er  cent,  of  no-load 

nominal  rating 

core  loss 

aoo 

16s 

ISO 

14s 

100 

130 

75 

I2S 

50 

123 

35  and  under 

122 

Note:  With  motors  designed  for  field  control  the  core  losses  shall  be 
^med  as  the  same  for  both  full  and  permanent  field.  It  shall  be  the  mean 
'^ween  the  no-load  losses  at  full  and  permanent  field  increased  by  the  per- 
centages given  in  the  above  table. 
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429.  The  brush  contact  resistance  loss  to  be  used  in  detenmning 
the  efficiency  may  be  obtained  by  assuming  that  the  sum  of  the 
drops  at  the  contact  surfaces  of  the  positive  and  negative  brushes 
is  three  volts. 

430.  The  loss  in  gearing  and  axle  bearings  for  single-reduction 
single-geared  motors  varies  with  type,  mechanical  finish,  age  and 
lubrication.  The  following  values,  based  on  accumulated  tests, 
shall  be  used  in  the  comparison  of  motors: 

Losses  in  Axle  Bearings  and  Single-reduction  Gearings 


Per  cent,  of  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

200 

3.5 

ISO 

3.0 

I2S 

2.7 

I  GO 

^.s 

75 

2.S 

6o 

2.7 

SO 

3.2 

40 

t:t 

30 

as 

8-S 

436.  In  comparing  projected  motors  and  in  case  it  is  not  possible 
or  desirable  to  make  tests  to  determine  mechanical  losses,  the  follow- 
ing values  of  these  losses,  determined  from  the  averages  of  many 
tests  over  a  wide  range  of  sizes  of  single-reduction  single-geared 
motors,  will  be  found  useful,  as  approximations.  They  include 
axle-bearing,  gear  losses,  armature  bearing,  brush-friction,  windage, 
and  stray  load  losses. 


Per  cent,  of  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

100  or  over 

5.0 

75 
60 
SO 

SO 
5.3 
6.5 

40 
30 

2^ 

8.8 

13.3 
17.0 

437.  The  core  loss  of  railway  motors  is  sometimes  determined 
by  separately  exciting  the  held  and  driving  the  armature  of  the 
motor  to  be  tested  by  a  separate  motor  having  known  losses 
and  noting  the  differences  in  losses  between  driving  the  motor  light 
at  various  speeds  and  driving  it  with  various  field  excitations. 

438.  Selection  of  Motor  For  Specified  Service. 

The  following  information  relative  to  the  service  to  be  performed 
is  requiied  in  order  that  an  appropriate  motor  may  be  selected. 

(a)  Weight  of  total  number  of  cars  in  train  (in  tons  of  2000  lb.) 
exclusive  of  electrical  equipment  and  load 

(b)  Average  weight  of  load  and  durations  of  same,  and  maxi- 
mum weight  of  load  and  durations  of  same 

(c)  Number  of  motor  cars  or  locomotives  in  train,  and  number 
of  trail  cars  in  train 

(d)  Diameter  of  driving  wheels 

(e)  Weight  on  driving  wheels,  exclusive  of  electrical  equipment 
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(/)  Number  of  motors  per  motor  car 

(g)  Voltage  at  train  with  power  on  the  motors — average,  maxi- 
mum and  minimum 
(h)  Rate  of  acceleration  in  m.p.h.  per  second 
(0  Rate  of  braking  (retardation  in  m.p.h.  per  second) 
(j)  Speed  limitations,  if  any  (including  slowdowns) 
(k)  Distances  between  stations 
(0  Duration  of  station  stops 
(m)  Schedule  speed  including  station  stops  in  m.p.h. 
(»)  Train  resistance  in  pounds  per  ton  of  2000  lb.  at  stated 

speeds 
(o)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 

equipment 
(/>)  Profile  and  alinement  of  track 
Iq)  Distance  coasted  as  a  per  cent,  of  the  distance  between 

station  stops 
(r)  Time  of  lay  over  at  end  of  run,  if  any. 
.  439.  Stand  Test  Method  of  Comparing  Motor  Capacity  with 
Service  Requirements.  When  it  is  not  convenient  to  test  motors 
under  actual  specific  service  conditions,  recourse  may  be  had  to  the 
following  method  cf  determining  temperature  rise. 

440.  The  essential  motor  losses  affecting  temperatures  in  service 
are  those  in  the  motor  windings,  core  and  commutator.  The  mean 
service  conditions  may  be  expressed  as  a  close  approximation,  in 
terms  of  that  continuous  current  and  core  loss  which  will  produce 
the  saxne  losses  and  distribution  of  losses  as  the  average  in  service. 

A  stand  test,  with  the  current  and  voltage  which  will  give 
losses  equal  to  those  in  service,  will  determine  whether  the  motor  has 
sufficient  capwicity  to  meet  the  service  requirements.  In  service,  the 
temperature  of  an  enclosed  motor  (§97),*  well  exposed  to  the 
draught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from 
75  to  90  per  cent,  (depending  upon  the  character  of  the  service)  of 
tie  temperature  rise  obtained  on  a  stand  test  with  the  motor 
completely  enclosed  and  with  the  same  losses.  With  a  ventilated 
motor  (§§98  and  100),*  the  temperature  rise  in  service  will  be  90  to 
100  per  cent,  of  the  temperature  rise  obtained  on  a  stand  test  with 
the  same  losses. 

441.  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
specific  service,  it  is  essential  in  the  case  of  a  self-ventilated  motor 
(§100),*  to  nm  the  armature  at  a  speed  which  corresponds  to  the 
schedule  speed  in  service.  In  order  to  obtain  this  speed  it  may 
be  necessary,  while  maintaining  the  same  total  armature  losses, 
to  change  somewhat  the  ratio  between  the  PR  and  core  loss 
components. 

••7.  An  "enclosed"  machine  is  so  completely  enclosed  by  integral  or  aux- 
iliary covers  as  to  prevent  a  circulation  of  air  between  the  inside  and  outside 
of  its  case,  but  not  sufficiently  tight  to  be  termed  air-tight. 

98.  A  "  separatehr  ventilated"  machine  has  its  ventilating  air  supplied 
by  an  independent  fan  or  blower  external  to  the  machine. 

100.  A  ''self -ventilated"  machine  is  a  semi-enclosed  machine,  differing 
from  a  sep^u-ately  ventilated  machine  only  in  having  its  ventilating  air  circu- 
lated by  a  fan,  blower,  or  centrifugal  device  integral  with  the  machine. 

If  the  heated  air  expelled  from  the  machine  is  conveyed  away  through  a 
pipe  attached  to  the 'machine,  this  should  be  so  stated. 

15 
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442.  Calculation  for  Comparing  Motor  Capacity  with  Service 
Requirements.  The  heating  of  a  motor  should  be  determined, 
wherever  possible,  by  testing  it  in  service,  or  with  an  equivalent 
duty  cycle.  When  the  service  or  equivalent  duty  cycle  tests  are 
not  practicable,  the  ratings  of  the  motor  may  be  utilized  as  follows 
to  determine  its  temperature  rise. 

443.  The  motor  losses  which  a£Fect  the  heating  of  the  windings 
are  as  stated  above,  those  in  the  windings  and  in  the  core.    The 
former  are  proportional  to  the  square  of  the  current.    The  latter 
vary  with  the  voltage  and  current,  according  to  curves  which  can  i 
be  supplied  by  the  manufacturers.    The  procedure  is  therefore  as  t| 
follows: 

444.  (a)  Plot  a  time-current  curve  and  a  time-voltage  curve  for 
the  duty  cycle  which  the  motor  is  to  perform,  and  calculate  from 
these  the  root  mean-square  current  and  the  equivalent  voltage 
which  with  r.m.s.  current  will  produce  the  average  core  loss. 

446.  (b)  If  the  calculated  r.m.s.  service  current  exceeds  the 
continuous  rating,  when  run  with  average  service  core  loss  and 
speed,  the  motor  is  not  sufficiently  powerful  for  the  duty  cycle 
contemplated. 

446.  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  run  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.  In  some 
cases,  however,  it  may  not  have  sufficient  thermal  capacity  to  avoid- 
excessive  temperature  rises  during  the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  required,  the  first  step  of  wbicb  ^ 
is  to  calculate  the  temperature  rise  due  to  the  r.m.s.  service  cur-  I 
rent,  and  equivalent  voltage. 

^^V  "  rlp^i^^^^^r  "^^  1  with  r.m.s.  service  current,  and  equiva-    \ 
Po  =  I^R  loss,  kw.  1  J         1  ^ 

Pc  =  core  loss,  kw.       J  *  | 

T  =  temperature  rise  ]  with    continuous    load  current    corre- 

Po  =  I^R  loss,  kw.  \  spending    to  the    equivalent  .  service 

Pc  =  core  loss,  kw.  J  voltage. 
Then 


^  ~  ^  D     I    D  >  approximately. 

447.  (d)  The  thermal  capacity  of  a  motor  is  approximately 
measured  by  a  coefficient  equal  to  the  ratio  of  the  electrical  loss  in 
kw.  at  its  nominal  (i-hour)  capacity,  to  the  corresponding  maxi- 
mum observable  temperature  nse. 

448.  (e)  Consider  any  period  of  peak  load  and  determine  the 
electrical  losses  in  kilowatt  hours  during  that  period  from  the 
electrical  efficiency  curve.  Find  the  excess  of  the  above  losses  over 
the  losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss  divided  by  the  coefficient  of  thermal  capacity  will  equal 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiva- 
lent voltage,  gives  the  total  temperature  rise.  If  the  total  tem- 
perature rise  in  any  such  period  exceeds  the  safe  limit,  the  motor 
is  not  sufficiently  powerful  for  the  service. 


MOTOR  SELECTION 


227 


449.  (/)  If  the  temperature  reached  due  to  the  peak  loads  does 
not  exceed  the  safe  limit,  the  motor  may  yet  be  unsuitable  for  the 
service,  as  the  peak  loads  may  cause  excessive  sparking  and  danger- 
ous mechanical  stresses.  It  is,  therefore,  necessary  to  compare  the 
peak  loads  with  the  short-period  overload  capacity.  If  the  peaks 
are  also  within  the  capacity  of  the  motor,  it  may  be  considered 
suitable  for  the  given  duty  cycle. 

Mediod  of  Apiirozimatiiig  the  Nominal  Rating  of  a  Motor  Neces- 
my  for  a  Given  Service.  If  the  motor  selected  to  move  its  portion 
of  Uie  weight  of  the  train  be  of  too  great  capacity  it  may  operate 
tt  an  efficiency  disad- 
Tantage,  moreover  an 
added  expenditure  of 
energy  will  be  caused  in 
transporting  its  surplus 
vright,  and  due  to  this 
nrplus  weight,  a  part 

which  is  generally  not 
ig  borne,  there  will 

ult  an  increase  in 
se  of  truck  and 
maintenance.    If, 

the  other  hand,  the    fi 

tor  selected  be  of  too   ^ 

dl  capacity  it  may    «» 

t  excessively,  com-   || 
lutation   may  be  de-    ^ 

ive,  or  possibly  the    g 
toique   wiU   be  insuffi-   S 
dmt  to  afford  the  re- 
qjared  rate  of  accelera- 
tkn  or  to  maintain  the 
desired  schedule. 

Corves  for  Prelimi-    { 
urj    Motor    Rating   g 
Selection.    Fig.    i 
ihows  empirical  curves 
^wn  a  paper  by  Mr.  F. 

.  Carter,  Institution 

Electrical  Engineers, 
906.       These    ciurves 

y  be  used  for  the 

'dinUnary  selection  of  a 

tor  of  proper  rating. 

obtaimng  these  curves,  the  characteristics  of  a  normal  railway 

otor  were  taken,  and  from  them  was  deduced  a  set  of  train 
acteristics,  corresponding  to  different  rates  of  acceleration  and 

erent  ranges  of  speed-curve  running,  care  being  taken  that  the 

tor  was  always  employed  as  it  actually  would  be  in  normal 

urban  service.    To  allow  for  the  inertia  of  rotating  parts  the 

'ective  weight  of  the  train  was  taken  as  8  per  cent,  in  excess  of 

€  actual  weight.    Coasting  was  assumed  to  occupy  1 7H  per  cent. 


20     22     24     28     28     90 

Sohad  Speed.  ( M.P.  H . )  X  Vstops  per  mile 

Fig.  I. — Curves  for  the  preliminary  determi- 
nation of  required  hor^e-power  rating  of  direct- 
current  motor. 
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of  the  total  running  time.  The  average  rate  of  braking  was  taken 
at  1.7s  miles  per  hour  per  second.  For  train  resistance,  constant 
figures  of  13  lb.  per  ton  while  power  is  on  and  15  lb.  per  ton  dur- 
ing coasting  were  assumed,  it  being  impracticable  to  allow  these 
figures  to  vary  with  the  speed.  The  rated  motor  horse-power  re- 
quired for  the  train  will  then  be  approximately  equal  to  the  value 

"Horse-power  per  ton  weight  of  train,  X\/stops  per  mile''  (obtained 

from  the  curve)  divided  byVstops  per  mileand  multiplied  by  the 
number  of  tons  weight  of  train. 

In  the  following  is  outlined  a  method  of  selecting  a  motor  to  be 
first  considered  in  deciding  on  a  motor  for  a  given  service.  The 
motor  thus  selected  may  not  be  the  one  best  suited  for  the  particular 
service,  but  its  use  in  plotting  preliminary  run  curves  will  give 
a  start  toward  making  a  more  accurate  selection  of  a  motor  to  be 
finally  investigated  for  capacity  as  limited  by  heating.  Briefly 
the  method  is  as  follows:  First,  approximate  both  the  value  of  power 
required  to  propel  the  train  and  the  current  flowing  at  the  end  of 
.the  straight  line  acceleration  period  on  a  typical  run  of  the  service 
to  be  supplied  by  the  motor.  Then  select  the  motor  whose 
nominal  rating  (see  A.I.E.E.  Standardization  Rules,  page  221)  is 
nearest  these  approximate  values  of  power  required  and  current 
flowing.    These  values  are  given  by  the  following  formulas: 

WTSX  1.467X745.6 


P  = 


n  X  550  X  1000 
WTS      0.002  WTS 


500 »  n 

^  WTS  ^  O.OOZ67  WTS 

*      375»  » 

.       2  WTS,      ..      ^ 
/  =     rrr, —  for  direct  current 
UE 

2  WTS,       .     ,      , 
=     j^.-,    for  single  phase 

UjlL 

in  which 

P  =  nominal   rating  of  motor  according   to   A.I.E.E. 
Standardization  Rules,  1914,  kilowatts 

^v  .      ,.        WTS        .  0,002  WTS 

Note:    The  approximations  •  and are  conven- 

500  n  n 

lent   and    sufficiently   accurate    for  most    practical    work.     The 

,  WTS       ,  o.ooig()WTS  ,.     , 

true  values  are and  ^^ ,  respectively 

503 »  n  *       *^  ^ 

Pi  =  nominal  rating  of  motor  according   to  A.I.E.E. 
Standardization  Rules,  1914,  horse-power 
I  =  nominal  current  per  motor  at  output  P,  amperes 
n  =  number  of  similar  motors  driving  train 
W  =  total  weight  of  train  (including  load  and  motors), 

tons 
T  ==  approximate  total  tractive  effort  required  at   the 
driving  wheel  treads  of  the  train  during  straight 
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line  acceleration,  at  the  end  of  straight  line  accelera- 
tion period,  pounds  per  ton 

-h  /  +  C  ±G)  for  grades  and  curves 


o.oiogSiC 

-h  /)  on  tangent  level  track 


-( 

XO.oioqS^ 

ihich  A  —  rate  of  straight  line  acceleration,  miles  per  hour 
per  second 

K  =  approximate  ratio  of  linear  inertia  to  total  inertia 
of  train  (see  page  172).  Unless  more  definitely 
known,  the  value  of  K  may  be  taken  to  be  0.90 
for  a  trial 

C  =  track  curve  resistance  (see  p.  169),  pounds  per  ton 
weight  of  train 

G  =  track  grade  resistance  (see  p.  170),  pounds  per  ton 
weight  of  train 

/  "  approximate  train  resistance  (see  p.  147)  at  the  end 
of  straight  line  acceleration  (at  speed  5,  which  see 
below),  pounds  per  ton  weight  of  train.  Unless 
more  definitely  known,  the  value  of  /  may,  for  trial, 
be  taken  to  be  15  lb.  per  ton  weight  of  train 

S  =  speed  of  train  at  end  of  straight  line  acceleration 
period  of  typical  run  on  section  over  which  motor 
is  to  operate,  miles  per  hour.  If  the  value  of  S  is  not 
known  it  may,  for  trial,  be  taken  to  be  60  per  cent. 
of  the  maximum  speed  attained  during  the  typical 
run.  If  the  maximum  speed  attained  during  the 
typical  run  is  not  known,  the  value  of  5  may  be 
approximated  by  the  following  process:  Let  L  = 
the  length  of  the  typical  run,  miles;  and  let 
f  —  time  the  train  is  in  motion,  seconds  from 
start  to  stop.  From  Fig.  60  (p.  193)  fijid 
the  maximum  speed   S'   attained   by  making   a 

I -mile  run  in  — 7-^  seconds  with    a  gross  tractive 

VL 

eflfort  T  (whose  value  is  given  above).    Then  the 

required  approximate  speed  of  train,  at  the  end  of 

the  straight  line  acceleration  period,  5  =  5'  w  ^/L 
in  which  m  =  ratio  of  speed  of  train  at  end  of 
straight  line  acceleration  period  of  typical  run  to 
maximum  speed  attained  by  the  train  during  the 
typical  run.  The  value  of  m  is  fixed  by  experience, 
but  for  a  trial  it  may  be  taken  to  be  0.6 

U  =  approximate  full  load  efliciency  of  motor  decimally 
expressed.  Its  value  may  be  taken  as  that  of  the 
motor  which  it  is  suspected  may  be  used,  or,  for 
trial,  it  may  be  taken  to  be  0.85 

E  =s  electromotive  force  applied  to  motors  at  end  of 
straight  line  acceleration  period  of  typical  run,  volts. 
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(It  is  assumed  that  all  motors  will  be  subjected  to 
the  same  electromotive  force  at  the  end  of  the 
straight  line  acceleration  period.)  If,  in  direct- 
current  operation,- the  motors  are  all  in  parallel  and 
have  no  resistance  in  series  with  them,  this  is  the 
trolley  or  third  rail  potential  at  the  car 
j  =  power  factor  of  motor  at  nominal  rated  load.  It 
may  be  that  for  the  motor  which  it  is  suspected 
may  be  used,  or,  for  trial,  its  value  may  be  taken 
to  be  0.90. 

The  available  motor  having  a  nominal  rating  (see  A.I.E.E., 
Standardization  Rules,  p.  221)  nearest  the  above  value  of  P  at  the 
above  current  I  and  the  electromotive  force  E  may  then  be  selected 
as  the  first  motor  to  be  tried  in  furthering  the  investigation.  The 
next  step  is  to  construct  the  speed-time  curve  for  the  train  and 
the  current  per  motor  time  curve  (see  Run  Curves,  p.  177) 
with  the  motor  selected  for  tria).  If  the  nominal  rated  full  load 
current  gives  a  value  of  tractive  effort  greater  than  is  necessary 
for  the  required  rate  of  straight  line  acceleration  a  smaUer  motor  or 
a  lower  gear  ratio  should  be  tried.  If,  on  the  other  hand,  the 
nominal  rated  full  load  current  gives  a  value  of  tractive  effort  less 
than  is  necessary  for  the  required  rate  of  straight  Une  acceleradon, 
a  larger  motor  or  a  higher  gear  ratio  should  be  tried.  Whether 
the  motor  or  gear  ratio  or  both  should  be  changed  is  a  matter  to 
be  decided  on  the  proportion  of  the  required  tractive  effort  that  the 
full  load  tractive  effort  is  in  excess  or  lacking,  and  the  rating  of  the 
-  motors  available.  Except  for  capacity  as  limited  by  heating,  the 
suitability  of  the  motor  and  gear  ratio  selected  will  be  indicated  on 
the  plotting  of  the  entire  speed-time  curve.  The  highest  gear  ratio 
(lowest  speed  gear)  with  which  the  run  can  be  made  in  the  required 
time  will  generally  bring  about  the  coolest  motor  operation  and  the 
least  energy  consumption  per  car  mile.  It  is  common  practice, 
however,  to  make  the  selection  so  that,  in  order  to  compensate 
for  incidental  delays,  the  train  can  make  the  run  in  about  10  per 
cent,  less  than  the  schedule  time.  Ordinary  rush  hour  loads  will 
thus  be  provided  for.  The  heavier  rush  hour  loads  or  trailer  service 
during  a  portion  of  the  time  of  operation  must  be  provided  for  by 
selecting  a  larger  motor  than  is  necessary  for  the  ordinary  service, 
or  by  depending  upon  a  possible  overload  capacity  of  the  motor 
if  this  overload  endures  only  for  a  period  permissible  by  the  heating 
capacity  of  the  motor. 

The  capacity  of  a  motor  which  is  sufficiently  strong  mechanically 
and  will  commutate  satisfactorily  is  limited  by  the  heating  of  the 
motor  by  the  energy  dissipated  as  losses.  Therefore,  a  study  of 
the  motor  and  gear  ratio  must  be  made  with  regard  to  motor  heating 
by  making  a  comparison  with  the  service  requirements. 

Details  of  Indirect  Methods  of  Comparison  of  Motor  Capacity  with 

Service  Requirements 

Method  by  Continuous  Capacity  of  Motor.  The  method  out- 
lined in  the  following,  of  investigating  to  determine  whether  or  not 
the  capacity  of  a  given  motor  equipment  is  sufficient  for  a  given 
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«mce  la  due  to  Mr,  N,  W.  Storer,  Street  Railway  Journal,  t^oi, 
ud  Electric  Journal,  igoS.  The  method  consists  in  running  the 
DOtoc  on  a  testing  stand  at  such  values  of  current  and  voltage  that 
th:  windings  losses  and  core  losses  resulting  will  be  equal  to  the 
foigt  windings  losses  and  core  losses  of  the  motor  in  actual  service. 
iSte  Par.  420,  p.  222.)  The  motor  temperatures  reached  during 
He  test  are  noted.  These  values  of  current  and  voltage  are  called 
'(quivalent  heating  current"  and  "equivalent  voltage,"  respec- 
ta>ely  and  may  be  obtained  as  indicated  in  the  following: 

Equivalent  Heatliig  Current.  This  is  the  value  of  the  current 
lAich  during  the  total  tims  of  the  run  (including  accelerating, 
Msting,  br^ing  and  stop  periods)  would  cause  a  total  energy  loss 
It  tbe  windings  equal  to  that  for  the  run.  (Also  see  under  Equiva- 
loii  Voltage,  p.  232.)    It  is  equal  to  the  square  root  of  the  average 

5 DUE  of  the  current  throughout  the  run.  If  the  abscissa  of  each 
several  pinnts  of  the  curve  of  amperes  per  motor  plotted  with 
■iiH  as  abscissas  (see  Fig.  1)  be  squared  and  the  values  of  these 
Cpiues  be  plotted  and  the  successive  points  thus  found,  connected, 
"  curve  of  (current)' values  will  result.     The  "equivalent  heating 


onent"  will  then  be  equal  to  a/^  in  which 


i  =  the  number  of  amperes  represented  by  each  unit 
ordinate 
(Note:  units  used  in  A,  t  and  i  are  the  same.) 

T  =  total  time  of  run  (sum  of  accelerating,  coasting, 
braking  and  stop  periods)  seconds. 


I    i    ^     I 


to        4V        H        so       100      12D       ItO      lOD 

Core  Loss  Curve.  The  loss  represented  by  the  abscissa  of  any 
-^t  on  the  core  loss  curve  is  equal  lo  the  core  loss  in  the  motor 
™  to  the  voltage  applied  to  and  the  current  flowing  in  the  motor 
[t  that  instant.  These  values  of  voltage,  current  and  core  loss  may 
bt  obtained  from  the  volts  per  motor  and  current  per  motor  curves. 
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respectively,  for  the  equipment  and  run  (see  Fig.  2)  and  the  core 
loss  curves  (plotted  in  terms  of  power  and  voltage)  for  the  motor 
(Fig.  3  is  typical).    As  an  example  of  the  method  of  plotting  a  point 

on  the  core  ^'^ 
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Fig.  3. — Typical  core  loss  curves. 


500 


GOO 


curve,  suppose  it 
is  desired  to  find' 
the  point  of  the 
core  loss  curve  at 
20  seconds  from 
the  start  of  the 
run.  From  thft 
current  per  mo- 
tor and  the  volts 
per  motor  curves 
(Fig.  2)  it  is 
found  that  at  20 
seconds  from  the 
start  of  the  run 
there  are  69  am- 
peres and  500 
volts  per  motor. 
Entering  Fig.  3 
at     the   500-volt 


point,  the  core  loss  corresponding  to  69  amperes  is  found  to  be  900 
watts;  900  watts  plotted  at  the  20-second  point  will  be  the  desired 
point  of  the  core  loss  curve. 
Average  Core  Loss,    The  value  of  the  average  core  loss  is 

A^tp 


in  which  A\  =  area  under  core  loss  curve,  square  units 

/  =  number  of  seconds  represented  by  each  unit  abscissa 

p  =  the  number  of  watts  represented   by  each  unit 
ordinate 

(Note:  units  used  in  -4i,  /  and  p  are  the  same.) 

T  =  total  time  of  run  (sum  of  accelerating,  coasting, 
bralcing  and  stop  periods),  seconds. 

Equivalent  Voltage.  The  equivalent  voltage  is  that  voltage 
which  with  the  equivalent  heating  current  (see  p.  231)  gives  the 
average  core  loss  (see  above).  Its  value  may  be  obtained  from  the 
core  loss  curves  for  the  particular  motor  (see  Fig.  3).  Relative  to 
5oo.-volt  motors,  Mr.  N.  W.  Storer  has  stated  that  calculations  and 
tests  show  that  an  equivalent  voltage  of  300  will  cover  average 
conditions  in  city  service  and  that  where  there  are  few  stops  such 
as  in  interurban  service,  an  equivalent  voltage  of  400  will  suffice. 

Discussion  of  Continuous  Capacity  Method.  The  internal 
ventilation  in  service  and  on  the  testing  stand  is.  practically  the 
same,  therefore  the  internal  interchange  of  heat  is  practically  the 
same  in  both  cases.  Due  to  difference  in  ventilation  affecting  ex- 
ternal radiation  the  motor  will  run  cooler  in  service  than  on  the 
testing  stand.  The  extent  to  which  this  is  so  depends  upon  air 
temperature,  its  velocity  and  circulation  over  the  radiating  sur- 
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&ces,  the  schedule  speed  of  the  train  and  the  length  of  stop  during 
vhich  (in  still  air)  the  heat  is  radiated  as  in  the  stand  test.  (See 
Par.  420,  p.  222  and  Par.  440,  p.  225.) 

Companson  of  Motor  Capacity  by  Losses.  It  has  been  proposed 
to  compare  motor  capacities  by  comparing  the  energy  losses  per  unit 
leight  of  motor.  This  method  is  of  little  value  and  it  may,  in  some 
cases,  be  misleading  because  the  heating  of  a  motor  depends  upon 
fltt  dissipation  of  the  energy  of  loss  rather  than  the  magnitude  of 
the  losses.  Thus,  of  two  motors  having  the  same  weight,  rating 
©d  efficiency,  the  better  ventilated  will  run  the  cooler. 

lead-time  Curve.  (See  Fig.  4  for  specimen  curves.)  A  load- 
foe  curve  for  a  given  motor  indicates  the  time  during  which  a 


10    20 


40 


50     60     70 
Amperes 

''€•  4.— Railway  motor  characteristic  curves  showing  load-time  curves. 
v3S  h.p.,  500  volts,  pinion  18,  gear  66,  ratio  3.66,  wheels  33  in.) 

f^in  value  of  current  flowing  in  the  motor  in  air  of  a  certain 
*^perature  will  raise  the  temperature  of  the  motor  a  certain 
*oiount  from  some  other  value  of  temperature.  Two  temperature 
J*J?es  are  most  commonly  taken  for  load-time  curves,  namely, 
W  75  deg.  C.  rise  from  a  temperature  of  25  deg.  C.  and  (b) 
|?°  ^cg.  C.  rise  from  a  temperature  of  75  deg.  C.  (the  tempera- 
Jjre  of  the  surrounding  air  being  25  deg.  C.  in  both  cases).  The 
•ormer  (75  deg.  C.  rise  from  a  temperature  of  25  deg.  C.) 
*t  Its  60-minute  point  indicates  the  nominal  rating  of  the  motor, 
^fiis  curve  also  shows  the  length  of  time  the  motor  may  safely  carry 
•Jy  current  at  the  rated  voltage.  It  also  shows  the  shortest  time 
^iig  which  the  equivalent  heating  current  (see  p.  231)  may  be 
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allowed  to  reach  any  value  at  the  rated  voltage.  The  latter 
curve  (20  deg.  C.  rise  from  a  temperature  of  75  deg.  C.)  by 
its  vertical  portion  indicates  the  value  of  current  the  motor  may 
carry  constantly  with  its  temperature  at  75  deg.  C.  This  curve 
also  shows  the  length  of  time  during  which  any  current  will  raise  the 
temperature  of  the  motor  to  a  value  of  20  deg.  C.  above  75 
deg.  C. 

Measurements  in  Service  Tests. 

Current. — The  current  taken  by  a  motor  in  a  service  test  may  be 
most  conveniently  determined  by  means  of  a  recording  ammeter 

in  the  motor  circuit.    An  indicating 
uttoum  «tar     ammeter  may  be  used  by  taking  peri- 
odic readings  and  recording  the  time 
of  each  reading.    If  only  the  equiva- 
lent heating  current  (see  above)  is 
desired  for  direct-current  operation 
Fig.  s.-Watt-hour  meter  con-  it  may  be  obtained  conveniently  by 
nected  to  measure  I*R  loss.       the  following  method:     A  speaally 

calibrated   watt-hour  meter  is  con- 
nected to  record  the  energy  lost  in  the  motor  field  winding,  as  shown 

by  Fig.  5,  then  the  equivalent  heating  current  will  be  equal  tO'v/--|- 

in  which     e  =  energy  lost  on  motor  field,  watt  hours 

R  =  operating  resistance  of  motor  field,  ohms 

T  =  total  time  during  which  the  equivalent  current  is 

desired  (sum  of  accelerating,  coasting,  brakifig  and 

stop  periods),  hours. 

Voltage. — The  voltage  may  be  most  conveniently  determined 
by  means  of  a  recording  voltmeter  connected  across  the  motor 
terminals.  An  indicating  voltmeter  may  be  used  by  taking 
periodic  readings  and  recording  the  time  of  each  reading. 

Temperature. — Mr.  Clarence  Renshaw,  A.I.E.E.,  1903,  gives  the 
following  method  used  by  him  in  successfully  measuring  the  tem- 
perature in  a  field  coil  during  a  service  test:  A  small  temperature 
coil  consisting  of  48  ft.  of  No.  27  annealed  iron  wire  was  calibrated 
in  an  oil  bath,  and  an  accurate  comparison  between  its  resistance 
and  the  temperature  was  obtained.  This  wire  was  then  wound 
on  two  thin  wooden  strips,  and  during  the  process  of  winding  a  field 
coil  for  use  on  one  of  the  motors  these  two  strips  were  placed  in 
the  interior  of  the  coil,  one  on  each  side,  about  half  way  between  the 
center  and  the  outside.  The  resistance  of  this  wire  was  determined 
by  means  of  a  portable  wheatstone  bridge,  at  5 -minute  intervab 
during  the  test.  From  these  resistances  and  the  resistance-tem- 
perature relation  the  temperature  of  the  interior  of  the  field  coil 
was  determined.  During  the  test  on  which  this  method  was  used 
unsatisfactory  results  were  obtained  in  trying  to  get  the  armature 
temperature  by  means  of  resistance  tests  during  lay-overs.  In  this 
connection,  Mr.  Renshaw  states,  "As  far  as  could  be  judged.  .  .the 
temperature  of  the  armature  was  not  materially  different  from  that 
of  the  field." 
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Standard  General  Electric  Railway  Motors 

NON-COMMUTATING  POLE  TyPE,  DIRECT  CURRENT  5OO  VOLTS 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

Name 

H.p. 

S4» 

2S 

2 
4 

K-io 
K-12 

1.900 

4.760 
8,865 

601 

2S 

2 

4 

K-io 
K-12 

1.700 

4.360 
8,o6s 

Soo 

2S 

2 

4 

K-IO 
K-12 

1.950 

4.860 
9.065 

8z 

30 

2 

4 

K-IO 

K-Z2 

2,020 

5.000 
9.345 

78 

.  35 

2 
4 

K-IO 
K-28 

2.580 

6,080 
11,630 

lOOO^ 

35 

2 
4 

K-IO 
K-28 

2,185 

5.330 
10,200 

•S8i 

37 

2 
4 

K-IO 
K-28 

2,225 

5.410 
10,360 

67» 

40 

2 

4 

K-IO 
K-28 

2.450 

5.860 
11,260 

•80 

40 

2 
4 

K-IO 
K-28 

2,850 

6,660 
12,860 

88 

40 

2 
4 

K-IO 
K-28 

3.070 

7.080 
13.630 

70» 

40 

2 
4 

K-IO 
K-28 

2,750 

6,460 
12.460 

S3» 

45 

2 
4 

K-ii 
K-14 

2.850 

6,750 
13.665 

57' 

50 

2 

4 

4 

K-ii 
K-14 
Mult,  unit 

3,030 

7.110 
14.385 
14.745 

90> 

50 

2 

4 
4 

K-36 

K-35 
Mult,  unit 

2,875 

6,765 
13,750 
14,171 

•98 

SO 

2 

4 
4 

K-36 

K-3S 

Mult,  unit 

3.290 

7.815 
14.910 
IS.865 

•87 

60 

2 

4 
2 

4 

K-28 

K-34 

Mult,  unit 
Mult,  unit 

3,380 

7.783 
15,796 

8,690 
16.207 

74^ 

65 

2 

4 

2 

4 

K-28 

K-34 

Mult,  unit 

Mult,  unit 

3.535 

8,530 
15,600 

9,360 
16.295 

. I  I  ^__ 

•These  motors  have  been  superseded  by  later  types,  but  owing  to  their 
*wespread  use,  data  concerning  them  are  included  for  comparison. 
Characteristic  curves.  Figs.  6  to  9. 
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GE  500-VoLT  NoN-coMMUTATiNQ  PoLE  MOTORS. — Continued 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight 
total  equip- 
ment, pounds 

Name 

H.p. 

•73 

•66 

55 

76 

69t 

75 

125 
160 
160 
200 

2 

4 

3 

4 

3 

4 

3 

4 

3 
4 

3 

4 

K-28 

K-34 
Mult,  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

4.137 

4.400 
5.420 
5.170 
6.350 

9.740 
18,760 
10,580 
19.670 

11,51s 
31.370 

14.085 
37.520 

13.585 
36,530 

15.830 
•     31.000 

GE  600-VOLT  D.C.  COMMUTATING  POLE  TyPE   RAILWAY  MoTOKB 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight 

total  equip* 

ment,  pousdC 

Name 

H.p. 

200 

40 

3 

4 
4 

K-36 

K-3S 
Mult,  unit 

3,130 

1 

5,490 

9,8*> 
10,410 

336 

45 

3 

4 
4 

K-36 

K-35 
Mult,  unit 

3,180 

5,6ao 
10.430 
10,670 

303 

50 

3 
4 
4 

K-36 

K-35 

Mult,  unit 

2.150 

5,550 
10,370 
lo.sso 

•303 

50 

3 
4 
4 

K-36 

K-35 

Mult,  unit 

3,600 

6.450 

13,100 
12.350 

3l6 

50 

3 

4 
4 

K-36 

K-35 

Mult,  unit 

2.875 

7,000 
13,200 
13,450 

319 

50 

3 

4 
4 

K-36 

K-35 

Mult,  unit 

3.887 

6.833 

13,140   ; 
13.390 

30I 

65 

2 

4 
3 

4 

K-36 

K-35 

Mult,  unit 
Mult,  unit 

2.735 

6,710 

13,6X0 

7.490 
13,100 

301 

65 

3 

4 
3 

4 

K-36 

K-35 

Mult,  unit 
Mult,  unit 

3.870 

7,000 
13.180 

7.690 
13.280 

•Characteristic  curves.  Fig.  10.  11,  and  I3. 

t  This  motor  has  been  sui>erseded  bv  later  types,  but  owing  to  i 
spread  use,  data  concerning  it  is  included  for  comparison. 
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GE  600- Volt  D.C.  Commutating  Pole  Type  Railway  Motors. — 

Continued 


Motor 

No. 
motor 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

Name 

H.p. 

•210 

70 

2 

4 
2 

4 

K-36 

K-34 

Mult,  unit 
Mult,  unit 

3,380 

7.750 
15.710 

8,690 
15.680 

3I8 

70 

2 

4 
2 

4 

K-36 

K-34 

Mult,  unit 
Mult,  unit 

3,200 

8,100 
15.000 

8.330 
14.960 

204 

75 

2 

4 
2 

4 

Mu  t.  unit 
Mult,  unit 

3.400 

8,500 
15.800 

8.730 
15.760 

•214 

80 

2 

4 

2 

4 

Mu  t.  unit 
Mult,  unit 

3,806 

9.282 

17.414 

9.430 

17,240 

•W5 

no 

2 

4 

2 

4 

Mu  t.  unit 
Mult,  unit 

3.925 

9.200 
18,330 

9.800 
18,300 

MS 

IIS 

2 
4 

Mult,  unit 
Mult,  unit 

3.860 

10,200 
18,760 

323 

140 

2 

4 

Mult,  unit 
Mult,  unit 

4,100 

10,710 
19,900 

207 

i6s 

2 
4 

Mult,  unit 
Mult,  unit 

5.160 

13.050 
25.950 

313 

23s 

2 

4 

Mult,  unit 
Mult,  unit 

6,000 

14,800 
29.780 

209 

275 

4 

Mult,  unit 

10.400 

50,930 

.5?^/ 1 200- Volt  D.C.  Commutating  Pole  Type  Railway  Motors 


«7 

50 

2 
4 
4 

K-42 

K-47 
Mult,  unit 

.  3.250 

8,650 
15.150 
17.150 

•ios-A 

80 

2 

4 
4 

K-42 
K-47 
Mult,  unit 

3.850 

9.850 
17,600 
19.730 

225 

105 

4 

Mult,  unit 

3.860 

20,980 

20s 

no 

2 

4 

Mult,  unit 
Mult,  unit 

3.930 

10,400 
18,250 

207 

no 

4 

Mult,  unit 

5.160 

26,220 

222  ' 

130 

4 

Mult,  unit 

4,100 

22.380 

•207.A 

140 

4 

Mult,  unit 

5.160 

26,870 

GE  1200-V0LT  D.C.  Commutating  Pole  Type  Railway  Motors 


205 


80 


K-42 
Mult,  unit 


3.850 


9.850 
20,000 


'Characteristic  curves,  Figs.  13  to  17. 
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Standard  Westinghouse  Railway  Motors 
Direct-current  Non-commutating  Pole  Type 

(Designed  prior  to  1904)         ^ 


Motor 


Name 


H.p. 


No. 
motors 


Type 
control 


•12-A 

1 2- A 
•69 
•49 

92-A 

68-C 

zoi 

loi-C 

38-B 
•93-A 

S6 

112 

76 

85 
121 
•119 

•113 
•ioi-B-2 

IOI-D-2 


25 

2 
4 

30 

2 
4 

30 

2 

4 

35 

2 
4 

35 

2 
4 

40 

2 
4 

40 

2 
4 

40 

2 
4 

50 

2 
4 

60 

2 

4 

60 

2 

4 

75 

2 
4 

75 

2 
4  • 

75 

2 

4 

90 

2 
4 

125 

2 

4 

X95 

2 

4 

40 

2 

4 

2 

4 

50 

2 

4 
2 

4 

K-io 
K-12 

K-io 
K-12 

K-IO 
K-12 

K-IO 
K-28 

K-io 
K-28 

K-io 
K-28 

K-io 
K-28 

K-io 
K-28 

K-io 
K-28 

K-ii 
K-14 

K-ii 
K-14 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

K-io-A 
K-28-B 

Unit  switch 
Unit  switch 

K-36-J 
K-35-G 
Unit  switch 
Unit  switch 


Weight  of  motor 

including  gear  and 

gear  case,  pounds 


Weight, 
total  equip; 
ment.  poan^ 


2,200 


1.950 
1.92s 
2.26s 
2,280 
2,645 
2,780 
2,380 

3.440 
3,000 
3,440 
3.840 
4.500 
4.300 
4,680 
6,550 
2,780 

2,780 


5.400 
10,140 

S.400 
10,140 


4,900 
9.300 

5,580 
10.500 

S.600 
10.560 

6.340 
12,020 

6,700 
12,700 

5.810 
10,960 

8.0&0 
16.360 

7.200 
14.400 

8.775 
IS.820 

9.S7S 
17.420 

10,89s 
20.060 

10,530 
20,015 

11.425 
21,610 

15.795 
Special 

6.635 
12,620 

7.225 
13,065 

6,70s 
12.695 

7.245 
13.100 


*  Characteristic  curves.  Figs.  18  to  24. 
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Weshnghouse  D.C.  NoBr-coMMiTTATixG  Pole  Type  Railway 

MoTOKSw — Ceniinmed 
CDesJRntd  sinoe   1904) 


Motor 


Name 


H-p. 


Xo. 

motofs 


Type 
control 


Weight  of  motor        Weiglit. 
inchidiiis  gear  and   total  eqtaip> 
^  poonds  ment,  poands 


93-A-2  60 


•ni-B    I      75 


I 


121-A  : 


•114 


90 


160 


2 

4 

2 

4 

2 
4 

4 

2 

4 

I    2 

!       4 

I 

2 

'       4 


K-36-J 
K-34-D 
Unit  switch 
Unit  switch 

K-3S-G 
K-^4-D 

!  Unit  switch 
Unit  switch 

K-3S-G 

K-34-D 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 


3040 


3^S 


4^00 


S.300 


8.100 
IS.900 

8.S«S 
15.81S 

8.SOS 
16.245 

8.860 
X  6,000 

10.130 
19.  SCO 
10.530 
19.815 

13.080 
Special 


Westinghouse  D.C.  Commutating  Pole  Railway  Motors 


Motor 


Name 


H.p. 


'    No. 
'motors 


600  V.  .500  V. 


Type 
control 


Weight  of  motor 

including  gear 

and  gear  case. 

pounds 


32S 


323-A 


111 


307 


t3i9-B 


306 


t3i6 


37 

30  * 

40 

33 

SO 

40 

SO 

40 

SO 

40 

60 

SO 

60 

SO 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 
2 

4 
2 

4 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 


K-ii-M 
K-28-U 
Unit  switch 
Unit  switch 

K-ii-M 
,  K-28-U 
Unit  switch 
Unit  switch 

K-ii-M 
K-28-U 
Unit  switch 
Unit  switch 

K-36-J 
K-3S-G 
Unit  switch 
Unit  switch 

K-36-J 
K-?S-G 

Unit  switch 
Unit  switch 

K-36-J 
K-3S-G 
Unit  switch 
Unit  switch 

K-36-J 
K-?S-G 

Unit  switch 
Unit  switch 


Weight, 

toUl 

equipment, 

pounds 


4.400 

8.1SS 
4.480 

8.36s 
4.8ao 
8.99S 
S.44S 
9.S0S 

6,300 
II.9SS 

6.94S 
13,505 


Characteristic  curves.  Pigs.  25  and  26. 
t  Characteristic  curves.  Figs.  27  and  28. 
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Westinghouse  D.C.  Commutating  Pole  Railway  Motors.— 

Continued 


Motor 

1 

No. 
'motors 

1 

Type 

control 

Weight  of  motor 

including  gear 

and  gear  case, 

pounds 

s 

Weight, 

Name 

H.p. 

total 
equipment, 

600  V. 

SooV. 

pounds 

305 

75 

60 

2 

4 

2 

4 

K-^4-D 
Unit  switch 
Unit  switch 

3.SSO 

8.215 
16.370 

9,000 
16,360 

310 

75 

60 

2 

4 

2 

4 

K-36-J 

K-34-D 

Unit  switch 
Unit  switch 

3.440 

7,995 
IS.930 

8.780 
15.930 

304 

90 

75 

2 

4 
2 

4 

S-3S-G 
K-34-D 

Unit  switch 
Unit  switch 

3,550 

8,655 
16.525 

9.000 
16,360 

•317 

90 

75 

2 

4 

2 

4 

K-3S-G 
K-34-D 
Unit  switch 
Unit  switch 

3,660 

8.875 
16,965 

9.220 
16,800 

303-A 

no 

2 
4 

Unit  switch 
Unit  switch 

4.150 

10.230 
19.220 

•302-A 

140 

2 

4 

Unit  switch 
Unit  switch 

4.685 

11,430 
21,630 

•301-B 

175 

2 
4 

Unit  switch 
Unit  switch 

5,510 

13.500 
Special 

300-B 

220 

2 

4 

Unit  switch 
Unit  switch 

6,400 

15.500 
Special 

Westinghouse  1200-   and  1500- Volt  D.C.   Railway   Motors 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear 

and  gear  case, 

pounds 

Weight. 

total 

equipment. 

Name 

H.p. 

600  V. 

Soo  V. 

pounds 

•333 

•321 
•322 
•308-D-3 

115 

750  V. 

no 
no 

140 
140 

260 
260 

100 

600  V. 

90 
90 

115 
IIS 

225 
225 

2 

4 

2 
4 

2 

4 

4     , 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

3.900 

4.150 
4.685 
6.740 

Special 
Special 

Special 
Special 

Special 
Special 

Special 
Special 

•Characteristic  curves,  Pigs.  29  to  35. 
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Westinghouse  Single-phase  A.C.  Railway  Motors 

For  Motor  Cars 


Motor 


Name 


H.p. 


No. 

motors 


Type 

control 


Weight  of  motor 
including  gear  and 
gear  case,  pounds 


>*. 


•132-C 
132-P 
*I4«-A 
133 


;*IS6 
409 
409- B 
409-D 


75 

4 

100 

4 

100 

4 

100 

4 

100 

4 

125 

4 

135 

4 

ISO 

4 

175 

4 

175 

2 

175 

4 

Unit  switch 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  s^  itch 
Unit  switch 
Unit  switch 

Unit  switch 
Unjt  switch 
Unit  switch 
Unit  switch 


4.500 
5.100 
5.575 

5,575 
5.700 
6.100 
6,000 

7,700 
7,846» 
6,700 
7.846» 


Weight, 
total  equip- 
ment, pounds 

Special 
Special 
Special 

Special 
Special 
Special 
Special 

Special 
Special 
Special 
Special 


For  Locomotives 

410 

125 
175 
175 

4. 

4  pairs 
4 

Unit  switch 
Unit  switch 
Unit  switch 

13.365* 
i6,soo» 
10,600 

Special 
Special 
Special 

.137 
403 

240 
250 
310 

3 

4 
4 

Unit  switch 
Unit  switch 
Unit  switch 

15,700 
16,400 

21,220^ 

Special 
Special 
Special 

•403-A 
403-B 
406 

310 
310 
675 

4 
4 
2 

Unit  switch 
Unit  switch 
Unit  switch 

1 9, 800 » 
19,800^ 
41,200 

Special 
Special 
Special 

Motors  arranged  for  quill  drive.     Weights  here  include  drive  details. 

.409~C  motor  is  arranged  to  operate  in  — --^      Tir_:-t.*  -: :-  * —  . 

Wtt  of  motors  complete  with  drive  details. 


Allis  Chalmers  Direct-current  Railway  Motors 


Motor 

No. 

motors 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

•Vame 

H.p. 

•301 

40 

3 

4 

§-3 
S-4 

2,630 

6,550 
12,300 

•soi 

50 

2 

4 

S-4 

2,610 

6,450 
12,100 

•302 

55 

2 

4 

§-3 
S-4 

3.060 

'7.640 
14.030 

Characteristic  curves,  Figs.  36  to  46. 

Motors  for  Low  Floor  Cars.  Motors  commonly  known  as  "Low 
Floor,"  "Dachshund"  and  "Baby,"  for  use  on  low  floor  cars  built 
^th  small  wheels,  are  of  smaller  diameter  than  but  do  not  differ 
•■^general  electrical  design  from  motors  ordinarily  used  with  33-in. 
»neels. 

iVessed  Steel  Motor.    Certain  railway  motor  parts  formerly 
[Jade  of    cast  steel  are  now  made  of  pressed  steel,  for   some 
"  the  motor   capacities  of    most    common    application.    The 
19 
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weight  of  a  40-h.p.  pressed  steel  motor  is  about  12  per  cent,  less 
than  a  cast  steel  motor  of  the  same  capacity. 

Railway  Motor  Characteristic  Curves.  Figs.  6  to  46,  inclusive, 
give  the  operating  characteristics  of  some  of  the  commercial  motors 
when  operating  at  particular  voltages  with  particular  gear  ratios 
and  driving-wheel  diameters.  The  ordinates  for  the  tractive  effort 
curve  for  a  series  motor  with  any  gear  ratio  or  driving-wheel  diameter 
may  be  derived  from  the  ordinates  of  the  original  tractive  effort 
curve  for  that  motor  as  follows: 


XI 


\G  X  Z>V 


in  which  T^  =  tractive  effort  ordinate  for  any  current  value  on  the 

derived  curve 
T  =  tractive  effort  ordinate  for  the  same  current  value 

on  the  original  curve 
G^  =  gear  ratio  for  derived  tractive  effort  curve 
G  =  gear  ratio  for  original  tractive  effort  curve 
X)i  B  driving-wheel  diameter  for  derived  tractive  effort 

curve 
D  =  driving-wheel  diameter  for  original  tractive  effort 
curve. 
The  approximate  values  of  the  ordinates  of  the  speed  curve  for  a 
series  motor  with  any  gear  ratio  or  driving-wheel  diameter  operating 
at  any  other  electromotive  force,  differing  slightly  from  the  electro- 
motive force  at  which  the  original  speed  curve  was  obtained,  may 
be  derived  from  the  original  speed  curve  as  follows: 


«  =  9  /^^  X  g  X  D'\ 

'^[exg'xd) 


in  which  S^  =  speed  ordinate  for  any  current  value  on  the  derived 

curve 
S  =  speed  ordinate  for  the  same  current  value  on  the 

original  curve 
E^  =  e.m.f.  for  derived  speed  curve 
E  =  e.m.f.  for  original  speed  curve. 
(Note:    When  the  electromotive  force  is  not  changed,  that  is, 
when  E^  —  JS,  the  value  given  for  S^  is  exact.) 

Example  of  the  Derivation  of  Tractive  Effort  and  Speed  Curves, 
Fig.  48  (p.  265)  shows  tractive  effort  and  speed  curves  (dotted)  dej 
rived  from  the  original  curves  by  the  above  process  as  follows:  ThJ 
original  gear  ratio,  wheel  diameter  and  voltage  are  2.78,  33,  ana 
500,  respectively,  and  it  is  desired  to  derive  the  tractive  effort  and 
approximate  speed  curves  for  a  gear  ratio,  wheel  diameter  and 
voltage  of  3.83,  36,  and  550,  respectively.  In  this  case,  G^  =3.83 
G  =  2.78,  D^  =  36,  Z)  =  33,  £1  =  550  and  E  =  500. 
Therefore 


/3-83   X  33\ 
\2.78  X  36/ 


and  51  I  sh""  ^  ^'f  ^-^) 

\soo  X  S'^SX  33/ 
«  0.87  5 
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Thus  in  Fig.  48  the  dotted  tractive  effort  curve  is  the  locus  of 
all  points  the  ordinate  of  each  of  which  is  equal  to  1.26  times  the 
corresponding  ordinate  on  the  original  tractive  effort  curve,  and  the 
dotted  speed  curve  is  th6  locus  of  all  points  the  ordinate  of  each 
of  which  is  equal  to  0.87  times  the  corresponding  ordinate  on  the 
original  speed  curve. 

(Note  :  Where,  as  for  preliminary  investigation,  only  one  or  very 
few  points  on  the  derived  characteristic  may  be  desir^,  it  may  be 
advantageous  to  obtain  the  desired  derived  values  by  the  above 
method  of  calculation  directly  without  actually  plotting  the  derived 

curve.) 


9000 

1900 

1800 

1700 

1000 

IfiOO 

1400 

86^1300 

24I12OO 

22  ollOO 

20^1000 

llSH  900 

tx]      S 
i:16;3  800 


100 
80 
80 


10 
8 
6 

4 
2 

0 


700  S  70 
600|  60 

600"^   50 


400 
800 

200 
100 

0 


a^ 


40 
80 
20 
10 

0 


/ 

) 

^ 

/ 

/ 

/ 

I 

w 

^ 

^ 

A 

' 

1 

\ 

\ 

1 

\ 

Lrf 

4 

B 

left 

ncy 

/ 

K 

T 

"""" 

"* 

/ 

H 

1 

^ 

S; 

sed 

i 

f 

^ 

- 

0 

i 

1 

/ 

u 

t-4 

10208040    5060  70   8090  100 
Amperei 


Pig.  6. — General  Electric  No.  58  railway  motor.     37  h.p.,  500  volts,  pinion 

15,  gear  69,  ratio  4.60,  wheels  30  in. 
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Fig.  1. — General  Electric  No.  So  la 
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ftc.  9. — General  Electric  No.  87  railway  motor.     60  h.p.,  500  volts,  pinion 

16,  gear  71,  ratio  4.44.  wheels  33  in. 
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. — General  Electric  No.  73  railway  motor.     75.  H-Pm  SOO  volts,  pinion 
17,  gear  73,  ratio  4.30,  wheels  33  in. 
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Fig.  II. — General   Electric   No.   66  railway  motor.  125  h.p„  500  volts, 
pinion  17,  gear  61,  ratio  3.59.  wheels  33  in* 
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Pig.  12. — General  Electric  No.  203  railway  motor,    soh.p.,  600  volts,  pinion 

15,  gear  69.  ratio  4.60  wheels  33  in. 
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"G.  13. — General  Electric  No.  210  railway  tnotor.    70  h.p.,  600  volts,  pinion 
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Fig.  is. — General  Electric  No.  20S-B  railway  motor.     100  h.p.,  600  volts, 
pinion  17.  gear  57.  ratio  3.35,  wheels  33  in. 
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Pig.  16. — General  Electric  No.  205-A  railway  motor.     80  h.p.,  600  voll 
pinion  17,  gear  67t  ratio  3.3s,  wheels  33  in.     Wound  for  operating  two 
series  on  1200  volts. 
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^IG.  17. — General  Electric  No.  207-A  railway  motor.  140  h.p.,  600  volts, 
JJJ2°  ^^'  8«*r  59,  ratio  2.68,  wheels  36  in.  Wound  for  operation  two  in 
■*™s  on  1200  volts. 
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Fig.  i8. — Westinghouse  No.  i2-i4-2S  railway  motor.     2$  h.p.,  500  voltfli 
pinion  14,  gear  68,  ratio  4.86,  wheels  33  in. 
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Fig.  19. — Westinghouse  No.  69  railway  motor.  30  h.p.,  500  volts,  pinio 
14,  gear  68,  ratio  4.86,  wheels  33  in.  Continuous  capacity  25  amp.  at  30 
volts,  23  amp.  at  400  volts. 
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10208040    6060    70    8090100110 
Amperei 

nc.  20. — Westinghouse  No.  49  railway  motor.  35  h.p.,  500  volts,  pinion 
M.  gear  68,  ratio  4.86,  wheels  33  in.  Continuous  capacity,  30  amp.  at  300 
'oiw.  28  amp.  at  400  volts. 
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nc.  21. — Westinghouse    No.    93-A    railway   motor.     60    h.p.,    soo  volts, 
pinion  17,  gear  70,  ratio  4-1 3,  wheels  33  in. 
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Fig.  22. — Westinghouse  No.  up  railway  motor.  125  h.p.,  550  volts 
pinion  20.  gear  55,  ratio  2.75,  wheels  33  in.  Continuous  capacity,  95  amp. 
at  300  volts,  85  amp.  at  400  volts. 
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Westinghouse  No.  113  railway  motor.     195  h.p.,  550  volts,  pinion. 
19,  gear  64,  ratio  3.37,  wheels.  36  in. 
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liG.  24.— Westinghouse   No.    loi-B    railway  motor, 
pinion   17,  gear  67,  ratio  3-94.  wheels 


40  h.p.,    500   volts 
33  in. 


100    200    50 
90     180 

h80    160  |40 
170^:140? 
§60*^120  930 

^  iwS 

40      80    20 


30 

» 

10 

0 


60 

40    10 
20 
0       0 


tffic 

enc 

L-! 

iiSfl 

bt 

-Gt 

A  fa™ 

V 

'^Iffic 

enc 

' 

ritb 

_< 

l^k^B    _ 

;52; 

£ 

\ 

•v^ 9 

<^  . 

\ 

♦ 

r 

V 

^ 

# 

r 

N 

^ 

4t 

% 

©5^ 

/ 

y 

^ 

"S 

CJ 

'pee 

1  n 

ii 

[5^ 

.-^ 

'/ 

< 

t*"* 

// 

j; 

<^ 

i> 

> 

^ 

5000 


400017 

iS 

o 

3000^ 

u 

II 
H 

• 

2OOOJ 


1000 


50  100         150        200 

Amperei 


250 


Fig.  2s._Westinghouse  No.  112-B  railway  motor.  75  h.p.,  sop  volts, 
pinion  19,  gear  70,  ratio  3.68,  wheels  36  in.  Contmuous  capacity,  00  amp. 
•t  300  volts,  $^  amp.  at  400  volts. 


254 


ELECTRIC  RAILWAY  HANDBOOK 


300  80 
460  90 
400  80  40 
860  70 

|aooj.6o|jo 
'Szfiolsos 

|aooS4o|ao 

160  30 

100  20    10 

60  10 

0  0     0 


\? 

B 

ffici< 

ncx 

wlftoa 

G 

Ban 

^ 

^Tffici 

mcy 

wi 

n 

J^i 

\ 

« 

• -/ 

\ 

V 

J 

^^ 

Si 

\ 

d 

1^ 

€1 

5X' 

^ 

^. 

■>t 

^ 

^ 

^ 

J:; 

' 

— 

^ 

^ 

&* 

.<! 

^ 

fc^ 

&<• 

'^ 

X 

•V 

9000 
80OO 

7000    . 

m 

flOOO'i 

t: 

SOOOS 

H 

4000^ 

aoool 

H 


1000 


100 


400         fiOO 


200         800 
Ampettt 

Fig.  26. — Westinghouse  No.  114  railway  motor.  160  h.p.,  550  volts, 
pinion  20,  gear  57,  ratio  3.85,  wheels  33  in.  Continuous  capacity,  120  amp. 
at  300  volts,  1 10  amp.  at  400  volts. 
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Pig.  27. — Westinghouse  No.  319-B  railway  motor.     50  h.p.,  600  volts, 
pinion  17.  gear  69,  ratio  4.06,  wheels  33  tn. 
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^^•—Westinghouse  No.  316  railway  motor.     7S  h.p.i  600  volts,  pinion 
15,  gear  71,  ratio  4.73,  wheels  30  in. 
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"G.  29. — WesBtinghouse  No.  317  railway  motor.     90  h.p.,  600  volts, 
pinion  19,  gear  70,  ratio  3.68,  wheels  33  in. 


256 


ELECTRIC  RAILWAY  HANDBOOK 


2S0   100    so 

/ 

sooo 

\ 

Efi 

ciei 

CL 

/ 

V 

200     80    40 

•V 

■ 

1.  y 

A- 

A 

jwn 

\\ 

Ji 

P^^ 

tive  Effort 

lifiosreojso 

\ 

k 

^ 

Vi 

^/^ 

' 

1 

> 

/ 

glOOH  40=20 

/- 

X 

£l 

( 

2000H 

• 

1000 

/ 

/ 

-i^: 

l^*.Q  sob 

1    V05t8 

/ 

f 

f 

50     20    10 

/ 

/ 

0      0      0 

/ 

0 

0 

11 

X) 

200          300 
Amperes 

400 

500 

Fig.  30. — Westinghouse  No.  302-A  railway  motor.     140  h.p.,  600  volts, 
pinion  21,  gear  56,  ratio  2.67,  wheels  36  in. 
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Fig.  31. — Westinghouse  No.  301  railway  motor.     17s  h.p.,  600  volts, 

18,  gear  59,  ratio  3.28,  wheels  36  in. 
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.PiG.  32. — Westinghouse  No.  333-B  railway  motor,  iis  h.p.,  6oo  volts, 
iPiinon  19,  gear  s8,  ratio  3.05,  wheels  36  in.  Wound  for  operation  two  in 
[■"neson  1200  volts. 
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.ftc.  33. — Westinghouse  No.  321  railway  motor.  110  h.p.,  750  volts, 
P»«Mon  16,  gear  61,  ratio  3.81,  wheels  36  in.  Wound  for  operation  two  "~ 
*"«  on  I  SOD  volts. 


m 


17 


258 


ELECTRIC  RAILWAY  HANDBOOK 


aoo  100  50 

180   90 
ICO   80  40 


Oh           a 
W120^ 

«     S 

100^ 

70 

• 

H 
000^30 

• 

50 

80 

40    20 

60 

30 

40 

20    10 

20 

10 

0 

0       0 

J 

t — 

/ 

Sffit 

#«  A_      . 

/^ 

/ 

k 



'f 

^ 

; 

—         — 

\ 

i/ 

f/ 

t 

\ 

") 

\i 

7 

\ 

/ 

i 

i 

r 

/- 

^ 

j: 

/ 

/ 

A 

/ 

/ 

/ 

5000 

« 

4000  « 

n 

> 

4' 

u 

<s 

3000H 
2000 


1000 


50  100  150  200  260  300  360 
Amperes 

Fig.  34. — Westinghouse  No.  322  railway  motor.  140  h.p.,  750  volts, 
pinion  16,  gear  61,  ratio  3.81,  wheels  36  in.  Wound  for  operation  two  in 
series  on  1500  volts. 
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Fig.  35. — Westinghouse  No.  308-D  railway  motor,  225  h.p.  (250  h.p. 
with  forced  ventilation)  600  volts,  pinion  19,  gear  72,  ratJo  3.79,  wheels  36 
in.     Wound  for  operation  two  in  series  on  1200  volts. 
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Pig.  36. — Westinghouse  No.  13S-B  railway  motor.  380  amp.,  210  volts, 
35-cycle,  single-phase,  alternating-current,  pinion  it,  gear  60,  ratio  3.53, 
vheels  36  in.     Continuous  capacity  170  amp.  at  130  volts. 
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^G.  37. — Westinghouse  No.  132-C  railway  motor.  430  amp.,  23s  volts, 
2S-cycle,  singlej^hase,  alternating-current,  pinion  20,  gear  63,  ratio  3. IS. 
•neels  36  in.     Continuous  capacity  200  amp.  at  23s  volts. 
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Fig.  38. — Westinghouse  No.  148- A  railway  motor.  550  atnp.  (forced 
ventilation),  225  volts,  2S-cycle,  alternating-current,  pinion  25,  gear  66,  ratio 
2.64,  wheels  38  in.     Continuoiis  capacity  325  amp.  at  150  volts. 
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Fig.  39. — Westinghouse  No.  133  railway  motor.  600  amp.  (forced 
ventilation),  23s  volts,  2 S:cycle,  alternating-current,  pinion  17,  gear  72,  ratio 
4.24,  wheels  38  in.     Continuous  capacity,  600  amp.  at  235  volts. 
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Fip.  40. — Westinghouse  No.  156  railway  motor.  600  amp.  (forced 
ventilation),  210  volts,  2S-cycle,  alternating-current,  pinion  25.  gear  74. 
ntK)  2.96,  wheels  42  in.     Continuous  capacity,  450  amp.  at  210  volts. 
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^.G.  41. — Westinghouse  No.  409-C  locomotive  motor.    650  amp.  (forced 
^•Jitilation),  275  volts,   25-cycle,  alternating-current,    pinion   22:   gear   92, 
I  '*"o  4.18,  wheels  63  in.     Continuous  capacity,  500  amp.  at  27S  volts. 
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Fig.  42. — Westinghouse  No.  130  locomotive  motor.  1130  amp.  (forced 
ventilation),  220  volts,  25-cycle,  alternating-current,  gearless,  wheels  6a  in. 
Continuous  capacity,  860  amp.  at  220  volts. 
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Fig.  43. — Westinghouse  No.  403-/I  locomotive  motor.  1000  amp. 
(forced  ventilation),  300  volts,  2 5-cycle,  alternating-current,  pinion  24,  gear 
89,  ratio  3>7i.  wheels  63  in.     Continuous  capacity,  930  amp.  at  300  volts. 
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ho.  44. — Allis-Chalmers  No.  301  railway  motor.     40  h.p.,  500  volts,  pinion 

I5i  sear  69,  ratio  4.60,  wheels  33  in. 
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"w.  45. — Allis-Chalmers  No.  soi  railway  motor,     so  h.p.,  600  volts,  pinion 

15,  gear  71,  ratio  4.73.  wheels  33  in. 


264 


ELECTRIC  RAILWAY  HANDBOOK 


8000 
2800 

aeoo 

2400 
2200 
i2000 
'^1800|22 
iM00«20 
|1400?18 
11200=16 
^1000     14 
800 
600 
400 
200 
0 


20  3040   5060    70  80  90  100U0120ia0140 
Amperes 


Fig.  46. — Allis-Chalmers  No.  302  railway  motor.     55  h.p.,  500  volts,  pinion 

16,  gear  73>  ratio  4.56,  wheels  33  in. 
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Fig.  47. — Approximate  resistance  of  soo-volt  direct-current  motors  at  75®  C 
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Pig.  48. — Illustrating  change  of.  tractive  effort  and  speed  curves  for  a 
change  in  gear  ratio,  driving  wheel  diameter  and  voltage.  (GB-87  motor, 
60  h.p.) 

Altemating-current  Railway  Motors 

General  Structural  Difference  between  Single-phase  Commutat- 
ins  Alternating-  and  Direct-current  Motors.  The  structural 
Terences  between  single-phase  alternating-current  series  motors 
and  direct-current  motors  are  summarized  by  Messrs.  R.  E. 
fieflmund  and  E.  W.  P.  Smith  in  the  Electric  Journal,  191 2,  as 
follows: 
(0  The  laminated  core  of  the  altemating-current  motor; 

(2)  Comparatively  large  number  of  poles  of  the  alternating-current 
motor; 

(3)  The  use  of  a  distributed  auxiliary  winding  on  the  alternating- 
current  motor  in  addition  to  the  main  field  winding; 

(4)  The  larger  armature  diameter  as  compared  with  that  of  a 
direct-current  armature; 

(s)  Short  and  stubby  poles  made  possible  by  the  small  number  of 
field  ampere-turns  on  the  alternating-current  motor; 

(6)  The  large  and  wide  commutator  of  the  alternating-current 
motor  and  the  large  number  of  segments  as  compared  with 
direct-current  machines; 

(7)  Small  air  gap  of  the  alternating-current  motor. 

To  these  should  be  added  preventive  leads  between  the  armature 
winding  and  commutator  in  the  alternating-current  motor. 
The  use  of  the  laminated  field  structure,  the  auxiliary  or  com- 
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pensating  winding  and  the  preventive  leads  in  the  single-phase 
motor  are  the  differences  essential  to  the  single-phase  motor. 

Laminated  Field  Structure.  The  field  is  laminated  in  order  to 
reduce  the  losses  and  associated  heating  due  to  the  alternating  flux 
in  the  iron. 

Compensating  Winding.  The  purpose  of  the  compensating 
winding  is  to  neutralize  cross-magnetization,  thereby  improving 
commutation  and  power  factor  of  the  motor.  Compensation  is 
classified  as  conductive  or  inductive,  depending  upon  the  process 
by  which  the  current  flowing  in  the  compensating  winding  is  ob- 
tained. If  the  compensating  winding  is  connected  to  receive  cur- 
rent from  an  external  source,  as  by  connecting  it  in  series  with  the 
main  motor  circuit,  the  comp>ensation  is  said  to  be  conductive.  If 
the  compensating  winding  is  closed  on  itself  so  that  a  current  due 
to  a  directly  induced  electromotive  force  flows  within  itself,  the 
compensation  is  said  to  be  inductive.  On  the  New  York,  West- 
chester and  Boston  Railway  inductive  compensation  is  used.  On 
the  New  York,  New  Haven  and  Hartford  Railroad  motors  intended 
only  for  single-phase  operation  are  inductively  compjensated.  On 
the  same  road,  motors  intended  for  both  single-phase  and  direct- 
current  operation  are  conductively  compensated.  Insulation  strain 
to  ground  is  made  negligible  in  the  inductive  compensation. 

fiiductive  and  Conductive  Compensation.  When  motors  operate 
only  on  alternating  current  the  difference  in  results  of  either  induct- 
ive or  conductive  compensation  is  inappreciable,  but  where  the 
motor  is  to  be  operated  with  direct  current,  conductive  compensa- 
tion should  be  used. 

Preventive  Leads.  Preventive  leads  in  a  single-phase  commu- 
tating  motor  are  added  resistance  between  commutator  windings 
and  commutator  bars.  Their  purpose  is  to  restrict  the  current 
flowing  in  the  armature  coil  wnen  short-circuited  by  the  brush. 
They  add  their  resistance  effect  to  that  of  the  carbon  brush  bridging 
the  commutator  bars.  In  so  restricting  the  current  they  improve 
commutation  and  they  may  improve  the  eflSciency  of  the  motor. 
Whether  or  not  efficiency  is  improved  by  the  preventive  leads 
depends  upon  the  balance  of  the  following  two  effects:  (a)  I*R  loss 
due  to  the  passage  of  the  armature  current  through  the  preventive 
leads  on  its  way  to  the  armature  winding.  This  loss  varies  directly 
with  the  resistance  of  the  leads,  (b)  I*R  loss  due  to  the  passage  of 
current  set  up  in  the  short-circuited  armature  coil  as  a  result  of  the 
electromotive  force  induced  by  the  field.  This  loss  decreases  as  the 
resistance  of  the  preventive  leads  increases.  The  preventive  leads 
are  of  greater  value  during  starting  and  acceleration. 

General  Types  of  Sin^e-pliase  Commutating  Motors.  There 
are  three  general  types  of  single-phase  commutating  motors,  namely, 
the  series,  repulsion  and  the  induction  series.  Of  these  the  former 
two  are  in  most  general  use  in  America. 

Connections  of  Single-phase  Commutator  Motors.  The  con- 
ventional diagrams,  Figs.  49  to  55,  inclusive,  show  some  of  the  meth- 
ods of  connecting  armature,  fidd  and  compensating  coils  of  single- 
phase  commutator  motors.  Since  the  Windings  on  armature  and 
field  of  the  repulsion  motors  are  not  electrically  connected,  opera. 
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this  type  is  possible  on  comparatively  high  voltages  if  the 
re  be  so  constructed  that  a  low  voltage  is  induced  in  it. 
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Pig.  49. — In-  Fig.  so. — Con- 
hictivdy  com-  ductivcly      com- 
pensated series  pensated      series 
Jt^ttotor.  motor. 
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Fig.  si. — In- 
duction series 
motor. 


Fig.  s  2  . — 
Thomson  re- 
pulsion   motor. 


Pig-    S3. — Series 

I  compensated       re- 
pulsion motor. 


Fig.  54. — Winter- 
Bichberg  repulsion 
motor. 


Fig.      §s. — ^Latour 
repulsion  motor. 


Three-phase  Induction  Motor.  The  three-phase  motor  is  called 
constant  speed  motor  (see  p.  383  for  methods  of  changing  speed). 
t  has  the  characteristics  of  a  direct-current  constant  speed  motor, 
eglecting  control,  the  speed  of  the  three-phase  induction  motor 
lepends  upon  the  frequency  of  supply  and  the  speed  falls  off  but 
ttle  as  the  load  on  the  motor  is  increased.  The  speed  of  a  train 
"iven  by  three-phase  induction  motors  ordinarily  remains  nearly 
nstant  up  grade  and  down  grade.  The  three-phase  induction 
"aotor  regenerates  energy,  forcing  it  back  into  the  line  when  the 
inotor  is  driven  above  its  synchronous  speed  (see  p.  213).  This 
process  takes  place  as  the  train  descends  a  grade,  and  since  this 
regeneration  brings  a  load  on  the  motor  acting  as  a  generator  the 
^fain  is  not  allowed  to  accelerate  beyond  the  point  at  which  the 
force  due  to  gravity  is  balanced  by  the  forces  it  is  overcoming  in 
<hiving  the  motor  acting  as  a  generator.  Since  the  three-phase 
Jnotor  is  a  constant  speed  motor,  in  ascending  a  grade  it  will  make 
a  demand  on  the  power  station  proportional  to  the  torque  required 
and  the  losses  to  the  motor.  As  outlined  on  p.  214  this  demand 
^y,  however,  be  reduced  by  the  energy  of  regeneration  of  trains 
descending.  In  order  to  operate  on  long  up  grades  a  three-phase 
induction  motor  must  have  high  continuous  capacity. 

The  starting  efficiency  of  three-phase  motors  is  low  so  the  motor 
[is  not  well  suited  to  service  having  frequent  stops.  The  tractive 
effort  may  be  held  constant  during  the  starting  period,  but  this  is 
done  at  the  expense  of  energy  lost  in  the  motor-starting  resistance. 
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Since  there  is  no  electrical  connection  between  the  primary  wind- 
ing and  the  secondary  winding  of  an  induction  motor,  and  there  is 
no  commutator,  this  type  of  motor  may  be  built  to  operate  on  volt- 
ages which  are  high  compared  with  those  on  which  motors  of  other 
types  are  operated. 

Speed  of  Induction  Motor.  The  speed  of  an  induction  motor  is 
equal  to  its  synchronous  speed  minus  the  slip.  The  value  of  the 
slip  increases  at  practically  a  constant  rate  from  nearly  zero  at  no 
load  to  about  2  to  5  or  6  per  cent,  of  synchronous  speed  at  full  load. 

_  _  fX6o 

in  which  S  =  synchronous  speed,  revolutions  per  minute 

N  =  number  of  pairs  of  poles  in  the  primary  winding  of 

the  motor 
/    =  frequency  of  applied  electromotive  force,  cycles  per 
second 

(100  —  s)  S 


5i  = 


100 


in  which  5i  =  actual  speed  of  motor,  revolutions  per  minute 
s    =  slip,  per  cent. 

Table  of  Synchronous  Speeds 


Number  ot  pairs  of  poles  in 
motor  primary 


Frequency,  cycles  per 

second 

15 

25 

60 


Synchronous  speed,  revolutions  per 
minute 

900 
1500 
3600 

450 

750 

1800 

300 

500 

1200 

225 

375 
900 

180 
300 
720 

ISO 
250 
600 

128 
214 
514 


Selection  of  Gear  Ratio.  In  the  following  the  gear  ratio  is  the 
ratio  of  the  number  of  teeth  on  the  driven  gear  to  the  number  of 
teeth  on  the  driving  motor  pinion.  The  ratio  of  the  number  of 
revolutions  of  the  motor  shaft  per  unit  time  to  the  number  of  revo- 
lutions of  the  car  axle  driven  by  that  motor  is  equal  to  the  gear 
ratio.  The  speed  at  which  a  car  having  a  given  driving  wheel 
diameter  will  be  moved  by  given  motors  at  a  given  current  and  elec- 
tromotive force  depends  (neglecting  the  variation  of  train  resistance) 
upon  the  gear  ratio.  If  the  gear  ratio  be  increased,  the  speed  of 
the  car  at  a  given  current  will  be  reduced,  the  tractive  effort  at  the 
driving  wheel  treads  will  be  increased,  and  the  possible  rate  of 
acceleration  will  consequently  be  increased.  If  the  gear  ratio  be 
rediiced,  the  speed  of  the  car  at  a  given  current  will  be  increased, 
the  tractive  eflFort  at  the  driving  wheel  treads  will  be  reduced, 
and  the  possible  rate  of  acceleration  will  consequentiy  be  decreased. 
Thus,  with  a  low  gear  ratio,  greater  current  will  be  required  to  pro- 
duce a  given  tractive  effort  and  acceleration  than  would  be  required 
with  a  higher  gear  ratio.  (For  effect  of  gear  ratio  and  electromotive 
force  on  speed  and  tractive  effort  characteristics  see  p.  242.) 
The  proper  gear  ratio  to  be  used  with  a  given  car  depends  upon  the 
service  the  car  is  to  render  and  the  character  of  the  track  over 
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which  it  is  to  be  operated.  Whether  or  not  the  gear  ratio  once 
proper  will  be  proper  at  a  future  time  will  depend  upon  whether 
or  not  the  service  requirements  and  character  of  the  track  remain 
constant;  for  example,  a  route  may  at  one  time  require  a  few  stops 
widely  separated  and  on  it  high  maintained  maximum  speeds  may 
be  permitted  or  necessitated;  later  this  same  route  may  require 
many  stops  close  together,  thus  permitting  only  low  maximum 
speeds.  A  gear  ratio  satisfactory  in  the  first  case  would  be  un- 
satisfactory in  the  second.  Frequently  a  car  is  required  to  give 
both  city  and  suburban  or  interurban  service  or  a  combination 
of  the  three.  It  is  in  such  cases  that  unsuitable  gear  ratios  are 
probably  most  often  used — the  common  error  being  to  use  a  gear 
ratio  lower  than  is  necessary.  This  is  brought  about  by  not  giving 
the  requirements  of  city  service  due  consideration  while  seeking 
high  speeds.  Unless  field  control  be  resorted  to,  a  compromise 
based  upon  the  different  classes  of  service  required  must  be  made. 
Where  it  is  possible  to  use  field  control  the  low  speed  service  will 
largely  determine  the  proper  gear  ratio.  The  proper  gear  ratio  is 
the  one  with  which,  6dier  things  remaining  constant,  the  required 
service  is  afforded  at  a  minimum  cost  for  energy  and  maintenance. 
As  above  noted,  this  will  be  determined  by  the  conditions  to  be  met, 
but  in  general  the  proper  gear  ratio  is  the  highest  with  which  the 
necessary  schedule  can  be  maintained  (with  allowance  for  low  vol- 
tage and  making  up  lost  time)  without  establishing  a  dangerously 
high  armature  speed  on  descending  grades.  Various  authorities 
have  estimated  that  by  the  installation  of  proper  gearing  in  existing 
equipments  from  S  to  15  per  cent,  of  the  energy  now  used  for  trac- 
tion could  be  saved.  This  saving  is  accompanied  by  a  decrease  in 
maintenance  costs  and  the  schedules  are  not  impaired  by  the  change. 
The  following  table  from  tests  on  the  Brooklyn  Rapid  Transit 
System  shows  that  by  increasing  the  gear  ratio  a  saving  of  10  per 
ctttt.  in  energy  consumption  was  secured  and  the  original  schedule 
^as  nearly  maintained  even  though  the  number  of  stops  per  mile 
was  increased. 


Tests  made 

Tests  made 

m  1 90s 

in  1911 

7.2 

10.3 

7.9 

7.2 

8.2 

8.1 

16.  22 

18. II 

3040 . 00 

2860.00 

17.77 

19.  S4 

38.00 

38.00 

3.58 

4.12 

2672.00 

2640 . 00 

ISO. 4 

I3S.I 

Average  numl?er  of  stops  per  mile 

Average  number  of  slow-downs  per  mile . 

Schedule  speed,  miles  per  hour 

Weight  of  car,  tons 

Average  passenger  load,  pounds 

Wei^t  of  car  and  average  load,  tons. . . 

Seating  capacity 

^ar  ratio ^ -1 

Watt  hours  per  car  mile 

Watt  hours  per  ton  mile 


Where  stops  are  infrequent,  as  in  suburban  and  interurban  ser- 
vice, the  possibility  of  maintaining  comparatively  high  maximum 
H^eds  for  a  considerable  length  of  time,  together  with  the  possibility 
<i  long  coasdng  pjeriods,  make  rapid  rates  of  acceleration  and  brak- 
bi(5  of  minor  importance  and  a  comparatively  low  gear  ratio  may 
be  used  to  advantage.    Where  stops  are  frequent,  as  in  dty  service, 
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there  is  littie  or  no  opportunity  for  operation  at  high  maximum 

speeds,  high  rates  of  acceleration  and  braking  are  necessary  and 

there  may  be  little  opportunity  for  coasting.    If  a  low  gear  ratio 

is  to  be  used  in  such  city  service,  a  larger  motor  must  be  employed 

than  would  be  necessary  with  a  higher  gear  ratio  and  there  will  be 

a  waste  of  energy.    The  use  of  a  too  low  gear  ratio  with  motors 

which  would  be  large  enough  if  a  higher  gear  ratio  were  used  causes 

the  motors  to  operate  in -series  or  on  resistance  during  a  too  great 

part  of  the  time.    This  is  equivalent  to  operating  the  motors  on  a 

voltage  lower  than  normal.    The  motors  are  overloaded,  and,  in 

some  cases,  burned  out,  rheostats  and  controllers  are  overworked 

and,  in  some  cases,  generating  stations  and  substations  are  greatly 

overloaded  and  the  load  factor  is  abnormally  low.    All  this  is 

accompanied  by  a  waste  of  energy. 

Figs.  56  to  6 1  by  Mr.  N.  W.  Storer,  Electric  Journal,  1908,  show 

some  of  the  effects  of  different  gear  ratios  when  applied  to  a  certain 

motor  equipment.     The  example  is  a  specific  one  in  which  it  is 

desired  to  determine  the  best  gear  ratio  to  use  with  equipment 

already  in  hand.    In  the  preparation  of  these'  curves  the  following 

conditions  were  assumed: 

Weight  of  car  loaded 40  tons 

Number  of  motors 4 

Size  of  motors 7S  h.p. 

Line  voltage 500  volts 

Size  of  wheels 33  in. 

Length  of  run 0.6  mile 

Schedule  speed 20  miles  per  hour 

Length  of  stop 10  seconds 

Rate  of  braking 1.5  miles  per  hour  per  second. 

Figs.  56,  57  and  58  show  the  results  obtained  with  a  constant  ac- 
celerating current  of  138  amperes  for  all  gear  ratios.     Figs.  59, 60  and 


Gear  Ratio 

Fig.  56. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  accelerating  current. 

61  show  the  results  obtained  when  accelerating  at  a  constant  rate 
of  1.5  miles  per  hour  per  second  for  all  gear  ratios.  Fig.  56  shows 
the  time  required  to  run  with  power  on,  time  for  coasting  and  the 
time  for  the  maximum  accelerating  current;  or,  in  other  words, 
the  time  for  running  on  resistance.    The  time  for  the  maximum 
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accelerating  current  varies  from  37.5  seconds,  with  the  2:1  gear 
ratio,  to  6.8  seconds  with  4.5  :  i  gears.  At  the  same  time,  the  rate 
of  acceleration  varies  from  0.8  mile  per  hour  per  second  to  2.1  miles 


2JS  s 

Gear  Batio 


^G>  57* — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  accelerating  current. 


1-  1-6         S2. 

Gear  Batio 
ftc.  58. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  accelerating  current. 

per  hour  per  second.  Fig.  57  shows  that  the  average  voltage  of  the 
*Qtor  while  power  is  on  is  only  310  volts  with  2  :  i  gears,  while  it 
ittes  to  480  volts  with  4.5  :  i  gears.    Motors  are  overloaded  when 
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the  voltage  drops  badly,  and  this  is  just  as  true  when  the  average 
voltage  applied  to  the  motor  is  lowered  by  changing  the  gear  ratio. 
This  fact  will  be  more  readily  appreciated  when  it  is  seen  that  the 
average  rate  of  taking  current  from  the  line  is  130  amperes  per 
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Fig.  59. — Typical  performance  curves  of  car  with  diflferent  gear  ratios  and 

constant  rate  of  acceleration. 

motor  with  the  2  :i  gear  and  only  52  amperes  with  the  4.5:1. 
The  square  root  of  the  mean  square  current  per  motor  is  87  amperes 
for  the  2  :  i  gear  and  49  amperes  for  the  4.5  :  i  gear.    The  curves 
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Fig.  60. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  rate  of  acceleration. 

show  average  watts  loss  in  the  motor  in  copper  and  iron  and  the  total 
electrical  loss.  They  show  that  the  motor  losses  will  be  a  minimum 
with  the  maximum  gear  reduction.  (The  maximum  gear  reduction 
possible  for  this  schedule  would  not  be  commercial  as  there  is  ab- 
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solutely  no  margin  for  making  the  schedule,  but  it  is  shown  simply 
I  to  point  out  the  fact  that  the  greater  the.  gear  reduction  for  a  given 
schedule  the  lower  will  be  the  losses  in  the  motor.)     The  curves  in 
Fig.  58,  however,  show  that  the  energy  consumption  is  a  minimum 
■  at  about  4 :  i  gear  reduction.    The  increase  in  watt -hours  per  ton 
I  inile  between  4  :  i  and  4.5  :  i  is  coincident  with  and  due  to  the 
increase  in  sf>eed  at  the  time  the  brakes  are  applied,  as  shown  in 
I  Fig.  56.    The  rise  in  watt-hours  per  ton  mile  with  the  2  :  i  gear  ratio 
;  is  due  to  the  increased  loss  in  resistance  and  motors  as  weU  as  in  the 
brakes.    The  motor  loss,  it  will  be  seen,  is  controlled  almost  en- 
tirely by  the  square  root  of  the  mean  square  current,  as  the  iron  loss 
b  small  at  all  times  and  remains  close  to  300  and  350  watts  for  all 
gear  ratios.     Fig.  59  corresponds  to  Fig.  56,  Fig.  60  to  Fig.  57,  and 
Fig.  61  to  Fig.  58.    A  comparison  of  these  curves  indicates  that 
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Fig.  61. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  rate  of  acceleration. 

wliile  a  constant  rate  of  acceleration  produces  a  nearly  constant 
^ergy  consumption  per  ton  mile,  the  motors  will  be  very  much 
fliore  overloaded  with  the  lower  gear  ratios  at  the  constant  rate  of 
^^^kration  than  when  accelerating  at  the  constant  current.  This 
would  be  apparent  only  in  commutation,  since  the  total  losses  in 
"le  motor,  for  any  given  gear  ratio,  will  be  approximately  the  same, 
Jf  seen  in  Figs.  57  and  60,  regardless  of  the  rate  of  acceleration. 
This  is  probably  true  only  within  narrow  limits. 

Limiting  Armature  Speed.  In  a  paper  by  Messrs.  N.  W.  Storer 
yjd  G.  M.  Eaton,  A.I.E.E.,  1910,  it  is  stated  that  for  economical 
designs  it  is  not  advisable  to  allow  a  maximum  armature  speed  of 
pore  than  2  or  2.5  times  the  speed  at  which  the  motor  develops 
Its  continuous  rated  power.  If  a  greater  ratio  than  this  is  required, 
^e  armature  speed  must  be  reduced.  The  weight  and  cost  for  a 
8iven  continuous  capacity  will  increase  directly  with  this  ratio. 

Ventilation  of  Motors 

The  capacity  of  a  railroad  motor  as  limited  by  heating  depends 
^"I^  the  rapidity  with  which  the  heat  can  be  carried  from  its 

18 
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origin  to  the  surroundings  of  the  motor.  The  heat  generated  in 
the  armature  and  commutator  together  with  a  part  of  that  generated 
in  the  field  coils  and  cores  is  conducted  to  and  radiated  into  the  air 
within  the  motor.  It  is  then  carried  on  by  convection  and  ventila- 
tion (natural  or  forced)  directly  to  the  outside  air  or  to  the  motor 
frame  through  which  it,  together  with  a  part  of  the  heat  generated 
in  the  field  coils  and  cores,  is  conducted  to  the  air  surrounding  the 
motor.  The  worst  condition  in  this  connection  exists  when  the 
motor  is  closed  and  there  is  no  ventilation  or  circulation  of  air  tend- 
ing to  distribute  the  heat  within  the  motor.  Ventilation  may  be 
classified  into  natural  and  forced.  These  may  be  further  sub- 
divided as  follows: 

fs  xTof^-oi  /  Internal  circulation. 

W  JNaturai  <y  circulation  of  outside  air. 

{ Internal  circulation. 
Circulation    of    outside 
air. 


WTT^.  ^A  /  Blower  within  the  motor. 
Forced  |  gj^^^^  ^^^^^  ^^^^^ 


Intemal  Circulation.  In  this  process  the  heat  is  distributed  by 
keeping  the  warm  air  stirred  up  through  the  ducts  and  by  the  in- 
herent windage  of  the  motor.  This  aids  in  eliminating  hot  spots 
in  the  windings.  This  intemal  circulation  may  be  forced  by 
"blowers"  (fans)  built  on  the  armature  shaft. 

Natural  Circulation  of  Outside  Air.  This  method  is  most  used 
during  warm  weather  and  when  the  absence  of  moisture  or  great 
amounts  of  dirt  allows  the  interior  of  the  motor  to  be  opened  to  tie 
outside  air.  The  motors  are  operated  with  perforated  covers  or 
with  covers  removed.    The  results  are  quite  satisfactory. 

Forced  Circulation  of  Outside  Air  by  Blower  within  the  Motor. 
In  this  method  a  fan  is  mounted  on  the  armature  shaft  at  the  pinion 
end  of  the  armature  and  inside  the  motor.  This  fan  drives  air  out 
of  the  motor  through  openings  in  the  pinion  end  of  the  motor  and 
outside  air  rushes  through  a  screened  opening,  over  the  armature 
and  field  coils,  under  and  through  the  commutator  and  then 
through  longitudinal  ducts  in  the  armature  core.  When  the  car 
comes  to  a  standstill  the  forced  ventilation  ceases.  The  course 
taken  by  the  air  in  a  typical  direct-current  motor  employing  this 
method  of  ventilation  is  indicated  in  Fig.  62.  Relative  to  this 
motor,  it  is  stated  in  the  Electric  Railway  Journal,  191 2,  that  when 
completely  enclosed  and  with  no  external  ventilation,  the  motor  will 
perform  a  service  similar  to  ordinary  standard  motors  of  the  same 
hourly  rating  but  of  much  greater  weight.  The  same  article  states 
that  a  four-motor  equipment  run  closed  in  interurban  service  on  6co 
volts  will  handle  a  car  weighing  24  tons,  at  22.5  miles  per  hour  with 
one  stop  per  mile.  With  external  ventilation  it  will  handle  a  car 
weighing  34  tons  in  the  same  service  with  the  same  temperature  rise. 

Forced  Circulation  of  Outside  Air  by  Blower  Outside  Motor. 
The  method  consists  in  forcing  outside  air  through  the  motor  from 
a  separate  motor-driven  blower.  An  advantage  of  this  method 
over  all  the  others  noted  is  that  the  circulation  may  be  made  to 
continue  while  the  train  is  standing.  It  also  assures  clean,  dry, 
ventilating  air.    This  method  is  most  comTOQuly  used  on  loco- 
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motives.  On  each  rsoo-volt  locomotive  of  the  Piedmont  Traction 
Company  a  blower  is  mounted  on  the  dynaiuotor  shaft,  and  from 
the  blower  the  air  is  conducted  to  the  motors  through  proper  con- 
duits The  dynamotor  is  also  used  to  drive  the  air  compressor. 
An  example  of  the  satisfacjory  application  of  this  method  to  motor 
cars  is  found  in  the  cars  of  the  Pennsylvania  R.  R.  for  use  on  Long 
Island  and  through  tunnels.  The  blower  outfit  consists  of  a 
IH  h.p.  azjo-T.p.m.  motor,  to  the  shaft  of  which  is  attached,  at 
each  end,  a  blower  fan  o  in.  in  diameter  and  3  in.  wide.  Each 
of  these  fans  is  capable  of  forcing  between  400  and  500  cu.  ft.  of 


Pio.  69.-^enerttl  Electric   motor  cooled   by   forced  ventilation. 

ail  pet  minute  through  the  motor  to  which  it  is  connected.  The 
traction  motors  are  interpole  motors  normally  rated  at  215  h,p., 
but  by  the  ventilation  they  are  enabled  to  do  work  which  would 
otherwise  require  motors  rated  at  about  350  h.p.  each.  The  No. 
o^  ("Colonial  Type")  New  Haven  locomotive  has  eight  compen- 
Mtri  series  type  single-phase  motors  nominally  rated  at  170  h.p. 
c^.  and  having  a  continuous  rating  of  145  h.p.  Forced  ventila- 
lion  for  cooling  these  motors  and  the  main  transformer  is  secured 
by  means  of  two  blower  motors  mounted  under  the  cab  and  be- 
tween the  trucks.  Each  blower  set  consists  ofa  7,3  h.p- single-phase 
motor  and  a  zo-in.  Sirocco  fan  which  can  deliver  approximately 
fooo  cu.  ft.  of  air  per  minute.  Due  to  truck  movement  and 
celrjcted  space  there  are  difficulties  in  applying  this  method  to 
ordinary  urban  and  interuthan  cars. 

Commutator 
Material  and  Construction  (A£J{.EJl.  Approved  Practice). 
Hard-drawn  copper  is  recommended  for  commutators  as  possessing 
pealer  uniformity  in  size  and  hardness  over  the  forged  bats  and 
mnespondirg  superiority  in  life  and  service.  Attention  is  also 
oiled  to  the  importance  of  material  and  workmanship  in  the  con- 
struction of  commutators  being  such  as  to  insure  a  solid  structure 
■hich  will  not  shrink,  become  IcKise,  ot  get  out  of  true.  Built-up 
mica  is  preferable  for  commutator  segments,  but  it  is  very  im- 
portant that  the  building-up  should  be  even  and  compact.    As- 
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sembled  commutators  should  be  baked  at  230  deg.  C.  and  com- 
pressed while  hot  to  insure  solidity,  clamps  being  tightened  before 
pressure  is  released. 

Commutator  Insulatton  Test    Bar  to  bar  test  recommended  in 
Report  of  Committee  on  Electrical  Equipment,  A.E.R.E. A.,  1907. 
New  commutators — 220  volts    d.c.    5  seconds. 
Old    commutators — no  volts    d.c.     5  seconds. 
Commutator  Wear.    The  following  two  tables  are  from  the  re- 
port of  the  1909  Committee  on  Equipment,  A.E.R.E.A. 

(i)  Motors  used  in  Denver 


Commutator 

Commutator 

Type  motor 

diameter. 

diameter. 

Remarks 

new,  inches 

scrapped,  inches 

GE-S3 

12 

loVi 

GE-S8 

loH 

SH 

Increased  H  in.  diameter 
over  original  factory  size. 

GE-800 

loH 

7H 

Increased  i  in.  diameter 
over  original  factory  size. 

W.P.  so 

7 

SH 

West.  loi  F 

loH 

SMe 

West.  3 

8^i 

6H 

(2)    Motors    used   on    the   International    Railway    Co., 

.  Buffalo 


Type  motor 

Commutator  diameter, 
new,  inches 

Commutator  diameter, 
scrapped,  inches 

GE-S7 

loW 

m 

GE-67 

9H 

7Vi 

GE-74 

liMfl 

m 

GE-80 

9H 

7H 

GE-800 

9H 

iH 

GE-iooo 

8H 

696 

The  wear  on  a  commutator  is  due  to  the  friction  between  brush 
and  commutator  and  the  burning  away  of  material  by  sparking, 
both  of  which  are  increased  by  vibration.  The  wear  due  to  fric- 
tion increases  and  the  burning  away  of  brush  and  commutator  de- 
creases with  an  increase  of  brush  pressure.  Mr.  C.  W.  Squier, 
Electric  Railway  Journal,  1909,  states  that  tests  have  shown  that 
in  service  the  wear  due  to  burning  is  much  greater  than  the  wear 
due  to  friction  and,  as  a  result,  the  wear  of  the  commutator  and 
brushes  follow  each  other;  that  is,  the  brush  which  wears  most 
rapidly  also  produces  the  greatest  commutator  wear.  He  gives 
the  following  average  figures  for  five  different  types  of  brushes,  a 
number  of  each  type  having  been  installed  for  test  purposes.  The 
brush  tension  was  from  5.2  lb.  to  6.4  lb.  per  square  inch  of  brush 
contact  surface: 


Brush  wear  per  motor  per 

Reduction  in  circumference 

1000  car  miles,  inches 

of    commutator    per    1000 

car  miles,  inches 

0.648 

0.089 

0.63 

0.0817 

0.54 

0.074s 
0.0084 

0.188 

0.  Ill 

0 . 006s 

(To  obtain  the  wear  per  brush,  divide  the  figures  by  6.) 
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Cost  of  Cominutator  Manufacture.  The  following  table  from 
Electric  Railway  Journal,  1910,  is  for  commutators  manufactured 
in  the  shops  of  a  Canadian  railway  company  using  drop-forged 
commutator  bars. 

Cost  of  Complete  Commutators 

West.-3  motor 

Commutator  bars,  47j'i  lb.,  at  27H  cents I13 .  06 

Mica,  sH  lb.,  at  I1.7S 6 .  56 

Pour  mica  circles,  at  75  cents  each 3 .  00 

One  flat  mica  ring,  at  70  cents  each 0. 70 

One  vulcabeston  ring,  at  65  cents  each 0.65 

Commutator  shell  (labor  included) 3 .  00 

Labor i .  6s 

I28.62 

WP-so  motor 

Commutator  bars,  32  lb.,  at  27H  cents 18 .  80 

Mica,  394  lb.,  at  I1.40 S  •  25 

Two  mica  circles,  at  70  cents  each i .  40 

Two  mica  circles,  at  75  cents  each i .  50 

Commutator  shell  (labor  included) 3  •  00 

Labor i .  6s 

I21.60 

GE-800  motor 

Commutator  bars,  39H  lb.,  at  27H  cents Iio. 86 

Mica,  3H  lb.,  at  |i.40 S  •  25 

Pour  mica  circles,  at  70  cents  each 2 .  80 

One  flange  mica  ring,  at  I1.3S  each i  .35 

One  vulcabeston  ring,  at  85  cents o .  85 

Commutator  shell  (labor  included) 3  •  00 

Labor i .  65 

I2S.76 

GE-iooc  motor 

Commutator  bars,  49^  lb„  at  27 H  cents 1 13. 61 

Mica,  4  lb.,  at  |i .  7S 7 .  00 

Two  mica  circles,  at  85  cents  each i .  70 

Two  mica  circles,  at  90  cents  each. i .  80 

(Commutator  shell  (labor  included) 3  •  00 

Labor 165 

I28.76 

GE-67  motor 

Commutator  bars,  SSH  lb.,  at  27H  cents $is  •  26 

Mica,  4  lb.,  at  I2 .  00 8 .  00 

Two  mica  circles,  at  90  cents  each i .  80 

Two  mica  circles,  at  95  cents  each i .  90 

Commutator  shell  (labor  included) 3  •  00 

Labor i  •  65 

I31.61 

GE«8o  motor 

Commutator  bars,  69H  lb.,  at  27 J4  cents $19.  n 

Mica,  4M  lb.,  at  $2.50 10.62 

Two  mica  circles,  at  |i .  15  each 2 . 30 

Two  mica  circles,  at  li.io  each 2 .  20 

Commutator  shell  (labor  included) 3  •  00 

Labor 165 

I38.88 
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Commtttator  Manufacture.  Following  is  an  outline  of  the  proc- 
ess of  constructing  and  finishing  a  commutator  in  a  railway  shop: 
(i)  Bars  assembled  in  four-piece  clamping  plate  (Fig.  63  is  typical) ; 
(2)  mica  inserted;  (3)  bars  squared  and  clamps  tightened;  (4) 
bars  bored  in  lathe  chuck;  (5)  tested  for  short  circuit;  (6)  bars 
fastened  to  commutator  core;  (7)  clamps  removed;  (8)  tested 
for  short  circuit;  (9)  baked  over  gas  to  soften  mica;  (10)  com- 
mutator tightened,  then  allowed  to  cool;  (11)  face  turned;  (12) 
bars  slotted  for  leads;  (13)  tested  for  short  circuit;  (14)  pressed, 
onto  armature  shaft  at  3  to  7  tons  pressure;  (15)  locked  to  shaft; 
(16)  slotted. 


Standard  1  Bolt 


Fig.  63. — Clamp  for  GE-800  commutators. 

Repair  of  Commutator  by  the  Use  of  Water  Glass.  When  a 
short  circuit  occurs  between  two  bars  in  a  commutator  at  or  near  its 
outer  surface,  the  conducting  material  connecting  the  bars  is 
generally  removed  by  means  of  a  sharp  tool.  Since  this  will  dis- 
turb more  or  less  of  the  mica,  a  small  crevice  will  be  formed  between 
the  segments.  This  crevice  may  be  filled  with  waterglass,  which 
solidifies  and  provides  a  good  bearing  surface,  besides  acting  as  an 
excellent  insulation. 

Commutator  Defects  Causing  Bad  Commutation.  Mica  high, 
bars  high,  bars  flat,  bars  improperly  spaced,  surface  dirty,  short 
circuits  between  bars,  commutator  not  true,  commutator  vibrating, 
commutator  slipping  on  shaft. 

Purpose  and  Advantage  of  Commutator  Slotting.  The  purpose  of 
slotting  (also  known  as  undercutting  or  grooving)  a  commutator  is 
to  make  the  presence  of  high  mica  impossible,  thus  permitting  the 
use  of  a  softer  brush  of  better  conductivity  and  making  better  con- 
tact with  the  commutator  than  would  be  permitted  if  the  brush 
were  required  to  grind  the  mica  siu^ace  even  with  that  of  the 
commutator  bars.    The  slotting  permits  the  use  of  mica  which,  due 
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to  its  abrasive  qualities,  would  be  prohibitive  in  an  unslotted  com- 
mutator. The  reduction  in  the  grinding  action  between  commutator 
and  brush  reduces  the  amount  of  copper  and  carbon  dust  tending  to 
impair  the  insulation  within  the  motor.  The  trouble  from  flash- 
overs  is  also  reduced.  Not  only  are  commutator  wear  and  brush 
wear  reduced,  but  there  is  a  saving  due  to  the  reduction  in  expense, 
delay  and  inconvenience  connected  with  removing  and  replacing 
armature,  turning  and  repairing  commutator  or  replacing  a  defect- 
ive commutator  with  a  new  one.  There  is  little  to  be  gained  by 
slotting  the  commutator  on  a  motor  where  the  brushes  used  have 
tlie  abrasive  qualities  necessary  to  keep  the  mica  down  as  fast  as  the 
w^per  is  removed  without  abnormal  wear  of  brushes  and  commuta- 
tor, and  where  such  brushes  have  sufficient  conductivity  for  the 
service. 

The  following  commutator  wear  data  is  from  operation  on  the 
iouisville  and  Southern  Indiana  Ry. 

Before  slotting 
Motor 

GE  57  Average  mileage  between  turnings,  38,500 

GE  1000  Average  mileage  between  turnings,  17.000 

GE  800  Average  mileage  between  turnings,  12,000 

GE  57  Average  mileage  per  brush,  16,000,  hard  brush  used 

GE  1000  Average  mileage  per  brush,     1,000,  hard  brush  used 

GE  800  Average  mileage  per  brush,       800,  hard  brush  used 

After  slotting 

GE  57  Average  mileage  between  turnings,  92,000 

GE  1000  Average  mileage  between  turnings,  68,000 

GE  800  Average  mileage  between  turnings,  42,500 

GE  57  Average  mileage  per  brush,  58,000,  soft  brush  used 

GE  1000  Average  mileage  per  brush,  37,000,  soft  brush  used 

GE  800  Average  mileage  per  brush,  22,000,  soft  brush  used 

I^ensions  of  Slot  The  width  of  the  slot  should  be  equal  to 
^tof  the  mica  between  the  commutator  bar;  that  is,  all  the  mica 
^J^'iW  be  removed  between  the  surface  of  the  commutator  and  the 
ptom  of  the  slot.  The  depth  of  the  slot  that  can  be  most  satis- 
^ctoiily  used  will  depend  upon  the  ability  to  keep  it  clean.  The 
SjMlIow  slot  will  be  kept  free  from  dirt  and  dust  more  easily,  but 
"•e  slotting  would  have  to  be  done  more  frequently.  The  depth 
^es  from  Ha  in,  to  H  in.  in  practice. 

.  The  data  in  the  following  table  were  compiled  from  information 
pven  by  the  Proceedings  of  the  Am.  El.  Ry.  Eng.  Assn.,  also  the 
^Jjcte  Railway  Journal. 


Road 


^da  Railway 

??tt^e  Electric 

W  Sound  Electric  Ry 

S?02  Elevated  Ry 

^Electric  Ry..: 

tfjecticut  Co.  (Hartford  shops) 
''wcestcr  Consolidated  Street  R3 


Depth  of 

Date 

commutator 
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.*^*nufacturers  have  been  slotting  the  commutators  to  a  depth 
^  about  H4  in.     In  the  Electric  Railway  Journal,  191 2,  it  is  stated 
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that  the  commutators  of  the  New  Orleans  Raflway  and  Light  Co. 
are  slotted  to  a  depth  of  from  H  in.  to  H  in.  when  the  motors  are 
received.  After  slotting,  these  commutators  are  heated  with  a 
gasolene  blow  torch  and  a  mixture  of  plaster  of  Paris  and  shellac 
is  smeared  into  the  slot  with  a  putty  knife  and  allowed  to  cool.  It 
is  stated  that  this  practice,  while  avoiding  too  frequent  slotting, 
keeps  carbon  dust  from  packing  between  the  bars.  In  discussion, 
Am.  El.  Ry.  Eng.  Assn.,  1909,  Mr.  W,  J.  Harvie,  then  Chief  En- 
gineer of  the  Oneida  Railway  Co.,  mentioned  having  found  little 
improvement  by  slotting  commutators  Ms  in.,  but  that  slotting  ^  in. 
permitted  the  overhauHng  period  to  be  increased  to  50,000  miles. 
Slotting.  The  greatest  satisfaction  is  reported  from  the  use  of  the 
shaper  and  the  circular  saw.  The  latter  is  most  used.  The  saw  is 
belt  driven,  or  driven  by  an  electric  motor,  or  a  compressed  air 
motor.  In  some  instances,  the  slotting 
is  done  while  the  armature  and  commu- 
tator are  mounted  in  a  lathe;  in  other 
instances,  a  special  stand  is  used  to  hold 


the  armature  and  commutator  during    ^^-.vjo 


the  process.    Provision  should  be  made 
to  allow  the  cutter  to  cut  uneven  mica 


without  cutting  the  commutator  bars,     ^----j 
A  sharp  instrument  is  used  to  clean  out     ^  "  iJT 


Pig.  64. — Commutator  slotter  for  use  on  lathe,  Boston. 

the  slots.  Compressed  air  is  also  used  for  cleaning  and,  inci- 
dentally, it  assists  in  keeping  the  saw  cool.  The  burr  left  at  the 
edge  of  the  slot  during  the  slotting  is  removed  by  a  sharp  knife,  a 
file,  or  by  taking  a  very  light  finishing  cut  in  the  lathe.  The 
saws  in  use  for  slotting  have  diameters  of  from  0.75  to  1.25  in.  and 
are  of  the  same  thickness  as  the  mica  to  be  removed.  They  have 
from  sixteen  to  thirty  teeth  (early  saws  had  more  teeth  but  were 
unsatisfactory).  Saw  speeds  in  use  vary  from  1000  to  2000  r.p.m. 
The  time  required  to  slot  a  commutator  depends  principally  upon 
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(he  cumber  of  segments  and  the  hardness  of  the  mica  In  the  com- 
mutator. Commutators  have  been  reported  to  have  been  slotted 
in  periods  varying  from  &.$  nan.  to  I  hour  per  commutator. 
Haste  b  slotting  may  lead  to  more  trouble  than  existed  before  slot- 
ting.   A  few  minutes  may  be  well  spent  to  insure  a  clean  slot,  free 


fmm  burrs.  It  is  very  important  that  no  thin  layer  of  mica  be  left 
tttheedgeot  the  slot.  Anarticleby  Mr.  F.J.  Foote,  Ohio  Electric 
Railway,  in  the  Electric  Railway  Journal,  1912,  states  that  a 
niachimst's  regular  time  for  taking  the  preliminary  cut  on  the 
wmmulator,  slotting,  taking  the  finishing  cut  and  removing  the 
buris  is  4S  min.  for  a  73-bar  commutator  and  i  hour  for  a  205-har 
ftainutator. 
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Fig.  64  shows  the  details  of  the  commutator  slotter  used  by  the 
Boston  Elevated  Railway.  The  slotting  tool  is  mounted  on  a  shaft 
driven  by  a  spindle  carried  in  the  bearing  shown  in  the  side  elevation, 
and  maximum  facility  of  adjustment  is  afforded  by  the  horizontal 
and  vertical  spindles  illustrated.  The  cutting  tool  can  be  raised  to 
a  maximum  height  of  14H  in.  above  the  ways  of  the  lathe,  and  low- 
ered to  a  height  of  9%  in.  above  the  bed.  The  maximum  width  of 
the  frame  supporting  the  tool  and  driving  pulley  is  7  in.  The  de- 
vice is  locked  on  the  carriage  of  the  lathe.. 

Fig.  6$  shows  the  details  of  a  commutator  slotter  for  use  on  a 
stand.  The  center  shown  in  the  plan  receives  the  commutator  end 
of  the  armature  shaft,  the  other  center  being  at  the  opposite  end  of 
the  stand.  Adjustment  for  different  sizes  of  conunutators  is  ob- 
tained by  a  screw  operated  by  a  crank  (shown  at  the  bottom  in  the 
elevation).  The  downward  motion  is  checked  by  the  thumb  screw. 
If  the  commutator  segments  are  out  of  adjustment,  adjustment  to 
enable  the  saw  to  follow  them  is  made  by  the  small  hand  wheel  at 
the  right.  In  the  process  of  slotting,  the  saw  is  advanced  along  the 
slot  by  a  lever,  a  part  of  which  is  shown  in  the  elevation. 

Brush  Holders 

Brush  Holder  Faults  Causing  Defective  Commutation.  Fol- 
lowing are  some  of  the  more  common  brush  holder  faults  which  lead 
to  defective  commutation:  Improper  brush  position,  improper  spac- 
ing of  brushes,  vibration  of  brush  gear,  spring  tension  too  great,  brush 
pressure  not  radial  to  commutator,  sluggish  action  due  to  construc- 
tion or  friction  or  gummed  parts  (the  last  occurs  most  often  when 
treated  brushes  are  used),  chattering,  lack  of  sufficient  bearing  sur- 
face between  brush  and  brush  holder,  bad  fit  (inherent  or  due  to 
wear)  between  brush  and  brush  holder. 

Brush  Setting  by  TriaL  The  correct  brush  position  may  be 
approximated  by  taking  the  speed  of  the  motor  in  both  directions 
with  each  of  several  brush  settings.  The  setting  which  gives  approxi- 
mately the  same  speed  in  both  directions  is  the  one  to  use.  In 
making  this  test,  the  brush  should  make  contact  over  the  same  por- 
tion of  its  face  while  running  in  both  directions,  and  there  should  be 
no  brush  play  in  the  direction  of  rotation  when  the  motor  is  reversed. 

Brush  Setting  by  Lispection  on  the  Ihterpole  Motor.  Where  the 
armature  conductors'  can  be  traced  from  the  commutator  bars  back 
under  the  poles,  it  is  feasible  in  general  to  locate  the  correct  setting 
by  the  position  of  the  commutated  coil  with  respect  to  the  conamu- 
tating  poles.  In  standard  practice  the  throw  or  span  of  the  coil  is 
made,  as  nearly  as  possible,  equal  to  the  pole  pitch.  In  a  parallel 
type  of  winding  where  the  number  of  slots  is  an  exact  multiple  of  the 
number  of  poles,  the  space  of  the  coil  can  be  made  exactly  equal  to 
the  pole  pitch.  In  this  case,  if  the  winding  can  be  traced  through, 
the  brushes  can  be  so  set  that  a  coil  or  turn  exactly  under  the  middle 
of  the  commutating  poles  has  its  two  ends  connected  to  the  two 
adjacent  commutator  bars  which  are  symmetrically  short-circuited 
by  the  brush;  that  is,  the  mica  between  these  two  bars  should  be 
under  the  middle  of  the  brush.  To  carry  this  out  properly  it  is 
necessary  to  trace  the  conductor,  with  exactness,  through  the  slots. 
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Wlien  there  are  several  separate  turns  side  by  side  in  one  slot,  it  is 

advisable  to  select  a  middle,  or  approximately  middle,  turn  for 

determining  the  brush  setting.    When  the  correct  brush  setting  has 

been  found,  the  brush  holder  should  be  locked  in  this  position. 

This  care  is  very  necessary  with  interpole  motors. 

Bmsh  Pressure  in  Practice.    The  following  table  showing  the 

practice  of  some  of  the  principal  electric  railways  in  the  United 

States,  regarding  brush  tension  per  hammer,  is  from  a  paper  by 

Mr.  C.  W.  Squier,  Brooklyn  Rapid  Transit  Co.,  Electric  Railway 

Journal,  1909: 

Boston  Elevated  Railway  Company 6  to  7  lb. 

Brooklyn  Rapid  Transit  Company 6yi  to  8  lb. 

Capital  Traction  Company,  Washington,  D.C 4\i  to  sH  lb. 

Qiicago  City  Railway  Company about  6  lb. 

Chicago  Railways  Company no  standard. 

Cincinnati  Traction  Comi)any no  standard. 

Rndson  &  Manhattan  Railroad  Company 4^^  lb* 

Interborough  Rapid  Transit — New  York  Subway 6  to  8  lb. 

Interborough  Rapid  Transit — Manhattan  Elevated 4  to  6  lb. 

International  Railway  Company,  Buffalo: 

General  Electric  1000  motors 7  lb. 

General  Electric  64  motors 4  lb. 

General  Electric  74  motors 4  lb. 

General  Electric  57  motors 7  lb* 

General  Electric  800  motors 4  lb. 

Long  Island  Railroad  Company no  standard. 

Massachusetts  Electric  Company: 

General  Electric  90  motors 9  lb. 

All  other  mcftors 7  lb. 

Metropolitan  West  Side  Elevated  Railway,  Chicago 6  to  7  lb. 

Milwaukee  Electric  Railway  &  Light  Company 7  lb. 

New  York  Central  Railroad  Company: 

Electric  locomotives. ...  ^ 8  lb. 

Motor  cars 6  lb. 

Northwestern  Elevated  Railway  Company,  Chicago 4  lb. 

Philadelphia  Rapid  Transit  Company 8  lb. 

I^burgh  Railways  Company 14  lb. 

^luted  Railways  Company,  St.  Louis no  standard. 

^wted  Railways  &  Electric  Company,  Baltimore: 

Iftttinghouse  3  motors 4H  lb. 

Wertinghouse  12A  motors 4H  lb. 

Wlestinghouse  49  motors S  lb. 

Westinghouse  38  motors 4  lb. 

Wcstinghouse  56  motors 6  to  6\i  lb. 

Westinghouse  lOiB  motors S  lb. 

Wcstinghouse  lOiD  motors 5}^  to  6  lb. 

General  Electric  80  motors 5  to  sH  lb. 

General  Electric  90  motors SH  to  6  lb. 

General  Electric  1000  motors SH  lb. 

General  Electric  800  motors 6  lb. 

Municipal  Traction  Company,  Cleveland 7  lb.  per  sq.  in. 

South  aide  Elevated  Railroad  Company,  Chicago. .  .  .4}^  to  s  lb.  per  sq.  in. 

**One-way"  Armature.  If  the  leads  of  an  armature  are  not  con- 
nected to  the  right  commutator  bars,  that  is,  if  leads  are  brought 
to  bars  in  advance  of  or  behind  the  correct  bars,  bad  commutation 
piay  result,  the  motor  may  reverse,  or  it  may  operate  satisfactorily 
in  one  direction  but  unsatisfactorily  in  the  other  direction.  Similar 
operating  results  may  follow  from  the  slipping  of  the  commutator. 

Broken  Commutator  Leads.  Following  are  conditions  which 
We  been  found  to  be  the  direct  causes  of  or  causes  contributing 
to  the  breaking  of  commutator  leads:  Laminations  loose,  commuta- 
tor loose,  material  of  winding  faulty,  too  much  manipulation  of  the 
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conductor  during  process  of  winding  and  connecting  to  commutator, 
lack  of  sufficient  support  of  leads,  coils  loose  in  slots.  During  the 
processes  of  taping  the  coil,  placing  it  in  the  armature  and  connect- 
ing the  leads  to  the  commutator,  the  leads  should  be  subjected  to 
the  least  possible  amount  of  bending.  Sharp  bends  should  be 
avoided.  In  cases  where  much  jarring  together  with  a  lack  of 
support  of  leads  between  the  end  of  the  armature  and  the  commuta- 
tor have  caused  breaking,  a  method  of  furnishing  support  has  been 
to  fill  the  space  between  armature  core  and  commutator  with  a 
mixture  of  powdered  asbestos  and  shellac  forced  into  place  by  means 
of  a  tube  and  plunger.  Another  successful  method  is  to  tape  the 
lead  to  the  coil  for  a  considerable  distance  along  the  coil  end,  thereby 
lessening  the  amount  unsupported.  The  armature  coil  should  be 
tight  in  its  slot.  As  a  final  precaution  toward  keeping  the  core 
tight,  the  wedge  should  be  of  sufficient  thickness  to  be  held  tight 
under  the  bands. 

Brushes 

For  satisfactory  operation  with  an  unslotted  commutator,  a 
brush  should  have  such  abra^ve  qualities  that  it  will  keep  the  mica 
ground  to  the  surface  of  the  commutator  without  excessively  wear* 
ing  the  commutator,  and  at  the  same  time  it  should  have  sufficient 
conductivity  for  the  service  required.  It  should  also  make  good 
contact  with  the  commutator.  For  operation  with  a  slotted  com- 
mutator, a  brush  softer  than  that  which  gives  good  scfWice  with  an 
imslotted  commutator  must  be  used,  otherwise,  as  experience  has 
shown,  the  commutator  will  be  worn  excessively.  Experience  has 
also  shown  that  an  extremely  soft  brush,  or  a  treated  brush,  is 
unsatisfactory  with  a  slotted  commutator  because  carbon  ground 
from  the  brush  sometimes  causes  short  circuits  between  the  bars. 
If  sparking  is  eliminated  at  all  loads,  a  soft  high-grade  carbon  brush 
with  very  little  ash  or  abrasive  material  may  be  used.  The  com- 
mutator will  then  run  a  long  time  without  perceptible  wear,  and  the 
life  of  the  brush  is  greatly  increased.  The  absence  of  carbon  and 
copper  dust  in  the  motor  is  favorable  to  insulation. 

Classification  of  Railway  Motor  Brushes.  The  following  clas^- 
fication  is  suggested  in  the  report  of  the  1908  Conmiittee  on  Main- 
tenance and  Inspection,  Am.  El.  Ry.  £ng.  Assn.: 

Class  I.     Coke  Brushes. 

Class  2.    Part  Coke  and  Part  Graphite  Brushes. 

Class  3.     Graphite  Brushes. 

Class  I ,  Coke  Brushes.  These  are  generally  suitable  for  railway 
motors  of  approximately  50  h.p.  and  less,  with  ungrooved  commuta- 
tors operating  on  slow-speed  service,  such  as  city  service,  switching 
locomotives,  air  compressors,  or  other  service  where  the  abrasive 
and  polishing  quality  of  the  brush  is  necessary.  The  composition 
of  the  brush  is  mainly  coke. 

Class  2,  Part  Coke  and  Part  Graphite.  These  are  medium,  having 
characteristics  between  classes  i  and  3.  Class  2  brushes  are  gen- 
erally suitable  for  motors  of  50  to  100  h.p.  in  interurban  and  subur- 
ban service  and  normally  used  with  grooved  commutators.  Should 
the  commutator  require  only  a  moderate  amount  of  abrasive  effect 
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to  keep  polished,  these  brushes  may  operate  on  the  above  sizes  of 
motors  without  the  commutator  being  slotted.  Since  a  slotted  com- 
mutator requires  less  polishing  effect,  class  2  brush  may  be  used  to 
considerable  advantage  on  motors  of  less  than  50  h.p.  in  dty  or  slow- 
q)eed  service,  provided  the  commutators  are  slotted. 

Class  3,  Graphite  Brushes.  These  are  suitable  for  general  use  on 
slotted  commutators  and  on  motors  of  100  h.p.  and  over.  The 
graphite  brush  inherently  has  a  large  lubricating  nature  and  has  the 
power  of  carr3dng  a  large  current  per  square  inch.  The  lubricating 
quality  of  the  graphite  brush  serves  to  reduce  or  obviate  chattering 
and  constant  breakage  of  brushes.  The  abrasive  effect  of  graphite 
brushes  is  generally  low,  and  it  does  not  have  the  power  to  polisn  the 
commutator  and  wear  away  the  mica  and  therefore  should  be  used 
only  on  slotted  commutators.    The  composition  is  mainly  graphite. 

Specifications  for  Railway  Motor  Brushes.  The  following  gen- 
eral specifications  are  suggested  in  the  same  report: 

Marking  of  Brushes,  Each  brush  should  be  plainly  stamped  with 
the  name  of  the  manufacturer  and  grade  of  brush.  This  stamping 
should  be  placed  on  the  brush  so  that  the  wearing  of  the  brush  will 
not  destroy  the  marking. 

Size  of  Brushes.  The  thickness  of  the  brush  should  not  be  greater 
than  exact  size  or  less  than  o.oi  in.  under  exact  size.  The  width 
and  length  of  the  brush  should  not  be  greater  than  exact  size  or  less 
than  \i2  in.  under  exact  size.  The  standard  method  of  box  gage 
diould  be  used.  The  brush  must  pass  through  a  box  gage  of  exact 
'  size  and  must  not  pass  through  a  box  gage  where  the  thickness  is 
0.010  under  size  and  the  width  Ha  in.  under  size. 

Copper-plating.    All  copper-plating  should  be  omitted. 

Fracture.  The  brushes  when  broken  should  show  a  fracture  of 
uniform  appearance  and  fine  grain. 

Stratification  and  Shrinkage.  Stratification  and  shrinkage  cracks 
&te  objectionable  and  should  be  avoided,  as  far  as  possible. 
When  ike  brush  is  broken  crosswise  and  lengthwise  the  appearance 
of  the  two  fractures  should  be  similar  in  texture. 

Ask.  The  following  is  from  the  same  report:  As  determining  the 
abrasive  effect  of  a  great  many  brushes  of  the  present  manufacture 
it  has  been  foimd  that  certain  percentages  of  ash  are  desirable  in  the 
various  classes  of  brushes.  From  analysis  it  has  been  found  that 
this  ash  consists  largely  of  iron  oxide,  Fe20a  and  sand  SiOz.  It  has 
!  been  found  that  class  i  brushes  should  normally  contain  about  5 
per  cent,  of  this  ash  in  order  to  get  the  abrasive  effect  sufficient  for 
their  operation  as  recommended..  It  has  been  found  that  class  2 
brushes  should  contain  2  to  3  per  cent,  of  this  ash  and  that 
dass  3  brushes  should  contain  not  over  2  per  cent.  It  is  not  ad- 
visable to  specify  the  abrasive  effect  in  percentage  of  this  ash,  as 
'  this  limits  the  manufacturer  to  the  use  of  this  ash,  whereas  it  is  the 
^rasive  effect  that  is  desired. 

Tests  for  Railway  Motor  Brushes.  Because  of  the  number  and 
I  variation  of  conditions  encountered  in  railway  motor  operation  it  is 
pnurtically  impossible  to  make  a  laboratory  test  which  shall  impose 
Upon  the  brush  conditions  similar  to  those  which  are  to  be  met  by  the 
brush  in  actual  service.    A  laboratory  test  is  of  great  value,  how- 
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ever,  in  making  comparisons  of  brushes  and  giving  indications  which 
with  past  records  will  aid  somewhat  in  making  an  approximate 
selection.  The  most  satisfactory  way  of  determining  what  brush 
is  best  suited  for  a  particular  work  is  to  make  actual  service  tests 
with  several  different  kinds  of  brushes.  The  laboratory  tests  which 
follow  were  suggested  in  the  same  report: 

Vibrator  Test.  This  test  is  a  purely  mechanical  one.  The  brush 
is  subjected  to  a  series  of  mechanical  shocks  to  determine  how  tough 
or  brittle  the  brush  may  be.    The  vibrator  consists  of  a  ratchet 

wheel,  the  principle  of  which  is  in- 
dicated in  Fig.  66.    The  diameter 
of  the  wheel  should  be  about  qh 
in.    There  should  be  eight  teeth, 
the  depth  of  each  tooth  being  He 
in.      Adjacent   to   the   wheel    a 
standard  brush  holder  is  mounted 
so  as  to  allow  the  brush  to  bear  on 
the  wheel  with  a  standard  pressure 
of  7  lb.  per  square  inch  of   the 
bearing  surface  or  cross-section 
of  the  brush.     The  face  of  the 
ratchet  wheel  should  be    broad 
enough  to  take  the  widest  brush. 
The   ratchet    or  vibrator  wheel 
may  be  belted  from  a  line  shaft  or 
driven  by  a  small  motor.    The 
speed  of  the  ratchet  wheel  should 
be  250  r.p.m.      With  this  speed 
the  brush  will  receive  2000  blows 
per  minute.     The  ratchet  wheel 
revolves  backward  so  as  to  slip  under  the  brush,  and  drop  the 
same  down  He  in.  as  each  tooth  passes.    The  various  classes  of 
brushes  should  stand  a  certain  number  of  revolutions  of  this  vibrator 
wheel  before  breaking.  .  The  values  given  below  for  the  different 
classes  of  brushes  are  suggested.    It  has  been  found  that  a  brush 
which  breaks  badly  in  service  will  hardly  run  on  this  wheel  more 
than  5000  revolutions,  and  one  which  is  fairly  satisfactory  in  service 
will  run  20,000  to  50,000  revolutions.    A  brush  which  is  of  excellent 
mechanical  quality  will  run  100,000  revolutions  and  show  no  break- 
age or  chipping.    It  is  suggested  that  class  i,  coke  brushes,  should 
stand  20,000  revolutions  on  the  vibrator  wheel,  that  class  2,  part 
coke  and  part  graphite  brushes,  should  stand  30,000  revolutions, 
and  that  class  3,  graphite  brushes,  should  stand  50,000  revolutions! 
Hardness  Test,    This  test  consists  of  comparing  the  hardness  of 
carbon  brushes  with  various  standard  "H"  drawing  pencils.     It  is 
recommended  that  the  Johann  Faber  pencil  be  adopted  as  a  stand- 
ard  of  hardness.    This  test  consists  of  scratching  the  brush  ivith 
pencils  of  various  hardness  to  determine  which  hardness  of  pencil 
corresponds  to  the  hardness  of  the  carbon  brush. 

Slip-ring  Test.  In  this  test  the  current  is  passed  through  the 
brush  to  a  slip  ring  to  determine  the  maximum  amperes  per  squa^re 
inch  which  the  brush  can  carry  without  glowing.    The  current  f  ronx 


Fig.  66. — Vibration  test  of  carbon 
brushes. 
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the  ring  may  be  conducted  by  placing  copper  brushes  on  the  hub  of 
the  slip  ring.  The  slip  ring  should  be  a  wheel  of  hard  copper  8  in. 
in  diameter  with  a  rim  H  in.  thick,  and  a  width  of  face  sufficient  to 
test  the  widest  brush.  The  wheel  should  be  mounted  and  so  ar- 
ranged as  to  use  a  standard  brush  holder,  the  brush  pressing  against 
the  slip  ring  as  in  the  motor.  The  speed  of  the  slip  ring  should  be 
approximately  500  r.p.m.  The  slip  ring  may  be  driven  from  line 
shafting  or  from  a  small  motor.  The  pressure  per  brush  should 
be  7  lb.  per  square  inch  of  bearing  surface  or  cross-section.  The 
periphery  of  the  slip  ring  should  have  a  true  and  smooth  surface. 
The  slip-ring  wheel  should  run  true  so  that  the  brush,  when  once 
fitted,  will  maintain  a  true  and  perfect-fitting  surface.  Twelve  or 
fifteen  samples  of  each  quality  of  brush  should  be  tested.  The 
current  should  pass  from  the  brush  to  the  slip  ring;  that  is,  the 
brush  should  be  positive  to  the  ring.  Direct  current  should  be 
used.  The  maximum  of  25  volts  wiU  be  suitable  for  testing  ordi- 
nary raOway  brushes.  The  following  requirements  were  suggested 
by  the  Committee:  Class  i,  coke  brushes,  100  amp.  per  square 
inch  without  glowing.  Class  2,  part  coke  and  part  graphite 
brushes,  150  amp.  per  square  inch  without  glowing.  Class  3, 
graphite  brushes,  200  amp.  per  square  inch  without  glowing. 

Grading  Brushes  by  Comparison.  The  following  is  from  a  state- 
ment by  Mr.  G.  M.  Hill,  Assistant  Engineer,  Railway  and  Traction 
Department,  General  Electric  Co.,  1907:  "It  is  a  very  easy  matter 
to  distinguish  different  grades  of  brushes  by  scratching  with  a  knife, 
observing  the  ease  with  which  they  may  be  cut  and  the  sound  pro- 
duced by  scratching.  A  little  practice  will  enable  anyone  to  classify 
the  brush  as  to  its  hardness.  Aside  from  the  matter  of  grade,  it  is 
important  to  detect  certain  faults  in  the  brushes.  Some  of  the 
faults  are: 

1.  Spongy,  or  cellular  construction,  which  is  produced  by  over- 
heating the  squirting  die,  by  insufficient  pressure,  or  by  the  presence 
of  a  small  amount  of  moisture  when  the  brush  is  baked.    This  can 
be  detected  by  the  appearance  of  the  brush  or  by  scratching  or  cut- 
tiDg  with  a  knife.    Such  brushes  will  weigh  less  than  a  brush  of 
proper  compactness.    They  will  wear  rapidly  and  produce  an  ab- 
normal amount  of  dust  and  smudging  on  the  commutator  which 
results  in  flashing. 

2.  The  stratified  construction  of  the  brush.  When  the  brush  is 
broken  it  will  present  the  appearance  of  slate  shale  showing  that  the 
brush  is  apparently  composed  of  a  number  of  layers  which  are  poorly 
joined  together.  This  results  from  the  outer  layers  sticking  in  the 
squirting  die  so  that  portions  of  the  mixture  slide  over  each  other, 
and  such  a  brush  will  easily  chip  off  at  the  edges,  affording  an  insuf- 
ficient contact  with  the  commutator  and  producing  sparking  and 
overheating.  The  best  way  to  inspect  for  stratification  is  to  break 
a  small  percentage  of  the  brushes  received,  and  if  they  show  a 
stratified  construction,  the  entire  lot  should  be  rejected.  Often  a 
stratified  brush  may  be  detected  by  examining  the  edge,  but,  un- 
fortimately,  some  manufacturers  have  recently  made  a  practice  of 
covering  Uie  edge  of  the  brush  with  a  carbon  paste  which  conceals 
the  small  cracks  indicating  stratification. 
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Double  Width  Brushes.  Without  making  any  general  recom- 
mendations, the  report  of  the  Committee  on  Maintenance  and  In- 
spection, Am.  El.  Ry.  Eng.  Assn.,  1908,  suggests  as  follows,  request- 
ing each  road  to  investigate  and  make  its  own  conclusions  in  the 
matter:  "It  has  been  found  advantageous  on  a  number  of  roads  to 
use  one  brush  per  holder,  even  though  it  necessitates  cutting  out 
the  bridge  in  the  brush  box.  The  ridge  in  the  middle  of  the  commu- 
tator is  avoided  and,  in  most  cases,  longer  life  of  the  brush  is  ob- 
tained. Should  there  be  irregularities  of  the  commutator  which 
would  cause  the  brush  to  be  thrown  from  the  commutator,  the 
entire  circuit  would  be  broken  if  one  brush  is  used,  and  less  flashing 
would  be  obtained  by  the  use  of  two  brushes;  this  is  particularly 
true  of  high  commutator  speeds."  In  discussing  double  width 
brushes,  Mr.  Jeandron  of  Le  Carbone  Co.  stated:  "In  regard  to  the 
subject  of  single  and  double  width  brushes  I  think  that  the  advan- 
tage of  single  width  brushes  lies  in  a  better  distribution  of  the 
current,  their  fitting  on  commutators  being  more  easily  obtained  on 
account  of  their  smaller  section.  On  the  other  hand,  I  believe  that 
brushes  can  be  found,  the  abrasion  coefficient  of  which  is  low  enough 
to  practically  avoid  the  ridge  mentioned  by  the  committee." 

Limiting  Speed  for  Carbon  Brushes.  Experience  places  the 
limiting  peripheral  commutator  speed  for  carbon  brushes  in  the 
neighborhood  of  from  6000  to  7000  ft.  per  minute. 

Life  of  Brushes  in  Practice.  The  following  statement  occurs  in  a 
paper  by  Mr.  Charles  E.  Eveleth,  A.I.E.E.,  ipio:  "On  the  Pitts- 
burg, Harmony,  Butler  &  Newcastle  line  where  the  service  is 
imusually  severe  on  account  of  grades  and  curves,  a  considerable 
number  of  the  brushes  originally  shipped  in  the  motor  brush  holders 
are  still  in  service,  though  many  motors  have  now  run  over  150,000 
car  miles,  and  the  wear  on  the  commutators  is  hardly  perceptible." 

Answers  to  the  question,  A.E.R.E.A.  Question  Box,  191 1: 
What  car  mileage  per  inch  wear  are  you  obtaining  from  different 
kinds  of  carbon  brushes,  (a) .On  non-irUerpole  motors  with  unshtted 
commutators?  (b)  On  non-irUerpole  motors  with  slotted  commutators? 
(c)  On  inter  pole  motors  with  unslotted  commutators?  (<0  On  inter pok 
motors  with  slotted  commutators? 

Conestoga  Traction  Co.,  Lancaster,  Pa,  (d)  National  Carbon 
Brushes,  superior  quality,  18,000  miles. 

H.  W,  Fuller,  Washington  Railway  6*  Electric  Co.,  Washingiont 
D.  C.  (b)  3500  miles  average,  (d)  Estimated  400,000  miles. 
We  have  sonie  motors  that  have  made  over  100,000  miles  and  the 
brushes  show  less  than  H  in.  wear. 

Wm.  A.  House,  The  United  Railways  and  Electric  Co.,  Baliimore, 
Md,  (b)  Approximately  2500  miles  per  }i  in.  of  brush  wear  for 
average  of  large  system  covering  many  types.  Side  wear  is  the 
limiting  factor. 

/.  F.  Calderwood,  Brooklyn  Rapid  Transit  Co.,  Brooklyn,  N.  Y. 
(a)  We  are  not  operating  non-interpole  motors  with  unslotted  com- 
mutators at  the  present  time,  but  in  tests  made  about  3  years  ago 
we  obtained  an  approximate  mileage  per  inch  wear  of  brushes  of 
different  types  and  on  different  motors  as  follows: 
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Type  of 
motor 

Type  of 
brush 

No.  of  miles  per  i  in. 

wear  of  brush  for 

brush  worn  out 

^0.  of  miles  per  i  in. 
wear  of  brush  con- 
sidering all  brushes, 
worn  out,  broken  or 
chipped 

E-150  h.p. 
L-iSo  h.p. 

A 
B 
C 

A 
B 
C 

16,800 
20,000 
30,120 

7.100 
28,900 
22,800 

10,000 
9.369 
9,141 

2,900 
3.000 
4,100 

{b)  We  have  no  recent  data  in  regard  to  the  wear  of  brushes  on  non- 
mterpole  motors  with  slotted  commutators,  but  in  tests  made  about 
3  years  ago  the  following  wear  was  obtained: 


Type  of 
motor 

Type  of 
brush 

No.  of  miles  i  in.  wear 

of  brush  for  brush 

worn  out 

No.  of  miles  i  in.  wear 

of  brush  considering 

all  brushes  worn  out 

broken  or  chipped 

E-iso  h.p. 
L-iSO  h.p. 

A 
B 
C 
D 

A 
B 
C 
D 

14,800 
IS.600 
17,100 
14,200 

21,600 

14,600 

6,900 

10,000 

3,672 
6.344 
2,14s 
6.483 

3.850 
4,900 
5,300 
2,100 

(c)  On  interpole  motors  with  unslotted  commutators,  we  are  ob- 
taining 13  2,000  miles  per  inch  of  wear  of  brushes  which  are  worn  out 
but  when  the  number  of  broken  and  chipped  brushes  are  taken  into . 
consideration,  the  mileage  per  inch  of  wear  for  all  brushes  removed 
is  11,775  miles. 

C.  b.    Cass'f  Waterloo^  Cedar  Falls  and  Northern  Railway  Co., 
IFakrloo,  Iowa.    We  are  using  the  Le  Carbone  brush  grade  G,  on 
solid  commutators  and  getting  on  an  average  90,000  miles  per  i  in. 
wear. 

Richard  McCullochf  United  Railways  Co,  of  St.  Louis, 
St.  Louis,  Mo.  (a)  11,000  miles.  (6)  30,000  miles,  (ji)  250,000 
miles. 

F.  G.  Grimshaw,  The  Pennsylvania  Railroad  Co.,  Camden,  N.  J. 
We  obtain  H  to  ^  in.  wear  on  motor  brushes  and  an  average  of 
28,000  miles. 

H.  M.  Lloyd,  British  Columbia  Electric  Railway  Co.,  Ltd.,. 
Vancouver,  B.  C.  All  our  commutators  are  slotted.  We  have 
obtained  the  following  mileage  per  inch  wear  of  brushes : 

GE-67  motor 17  :  67  gear  ratio 1.706  car  miles. 

WH-101B2  motor 15  :  69  gear  ratio 1,280  car  miles- 

GE-S7  motor 22  :  6s  gear  ratio 7,979  car  miles 

GB-204  motor 20  :  6s  gear  ratio 23,922  car  miles- 

A  paper  in  the  Electric  Railway  Journal,  191 1,  states  that  the  life 
of  a  medium  hard  brush  used  by  the  Long  Island  Railway  on  slotted 
10 
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commutators  is  from  45,000  to  50,000  miles.    These  brushes  are 
under  a  pressure  of  6  lb.  per  square  inch. 

The  following  table  is  from  brush  tests  lasting  from  May  14,  igo8 
until  March  10, 191 2  on  the  Third  Avenue  Railway,  New  York.  The 
commutators  used  in  these  tests  were  slotted.  (The  letters  A,B,C, 
etc.,  refer  to  the  manufacturers  of  the  brushes.) 

Abstract  or  Carbon  Brush  Record  of  Third  Avenue  Railway, 

New  York 


Brush 

Motor 

Installed 

Last 
inspection 

Mileage 

Average 
wear  in 
64ths  of 
an  inch 

Wear  in 

inches. 

1000 

miles 

A- 1 

GE-210 
GE-210 
GE-210 
GE.210 

W-310 

W-310 

GE-210 

GE.210 

W-310 
GE-210 
GE-210 
GE-210 

W-310 

GE-2IO 

W-310 

W-310 

W-310 

W-310 

GE-210 

W-310 

W-310 

W-310 

W-310 

GE-210 

W-310 
GE-210 
GE-210 
GE-210 

GE.210 
W-310 
W-310 

GE-210 

W-310 
W-310 
W-310 

S/20/08 
S/ I 4/08 
s/20/08 
1/3 1/09 

1/26/ II 
1/26/ I I 
1/26/11 
1/26/ I I 

1/26/11 
1/26/ I I 
1/26/ I I 
7/30/09 

7/28/09 

s/29/09 

s/29/09 

10/20/09 

10/20/09 

10/22/09 

s/29/09 

10/20/09 

10/26/09 

10/22/09 

10/20/09 

5/29/09 

10/24/09 
s/29/09 
5/10/10 
S/io/io 

9/ 16/ 10 
9/16/10 
9/ 16/ 10 

l/l6/l2 

I/I6/I2 
9/I9/II 
9/I9/II 

4/20/10 
3/10/11 
9/17/11 
9/17/11 

9/ I 7/1 I 
9/17/11 
3/10/12 

9/17/11 
3/10/11 
9/17/11 
9/17/11 
3/10/12 

9/17/11 
3/10/11 

12/ 1/09 
4/20/10 

3/10/11 
4/20/09 
9/17/11 
3/ 10/ I I 

3/10/11 
4/20/10 
7/20/10 
3/10/11 

3/10/11 

9/17/11 
3/10/12 

9/17/11 
3/10/11 
3/10/11 
3/10/11 
3/10/ I 2 

3/10/12 

II/24/1I 

3/9/12 

30.686 
45,280 
55.705 
59,789 

14.489 
18,904 

25.684 
32,084 

2,622 
18.30S 
13.771 
45.077 

38,413 
31.179 
IS.286 

15,321 

44,206 
13,226 
49.192 
39,066 

37.356 

14.797 
23.640 

45.927 

53.715 
58,420 

41.537 
29.340 

11,831 

10.039 

9.930 

6,400 

6,200 

A-2 

B-i 

B-2 

B-3 

16 
22 

0.0045 
0 . 0057 

B-3 
.B-3 

1-4 
B-4 
B-4 
C-i 

C.2 

D-I 
D-I 
D-I 

D-I 

10 

12 

5 

0.0083 

0.0073 
0.0024 

6 

7 
18 

It 

8 
12 

0.0051 

0.0077 
0.0062 

0.0057 
0.0080 
0.0082 
0.0120 

D-I 
D-I 

D.2 

12 
25 

0.0140 
0.0079 

D-2 

D-2 
D-2 
D-2 

D-2 

II 

13 
16 

0.0120 
0.0086 

0;OO54 

D-2 

E-I 
E-I 

F-i 

F-2 

20 

17 

9 

16 

0 .  0053 

0.0071 
0 . 0048 

0.0021    , 

F-3 

F-4 
G-i 

5 
3 

0.0122 
0.OO7S 

G-i 

Discussion  of  the  brushes:  A  were  satisfactory,  the  only  trouble 
was  evidence  of  uneven  wear.  B  were  easily  chipped  and  broken^ 
C  were  satisfactory.  D,  most  of  these  were  removed  for  breakage, 
chipping  and  uneven  wear.  E  gave  good  service  except  that  they 
blackened  the  commutator.  F,  most  of  these  were  removed  because 
of  breakage,  chipping,  uneven  wear  and  wear  on  the  commutator* 
G  broke  after  short  runs. 

The  width  of  most  of  the  brushes  was  2i%t  in.,  but  there  were  a 
few  as  narrow  as  21^64  in.  and  one  as  wide  as  21^64  in.    The  com-* 
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pany's  standard  tension  per  brush  holder  spring  is  6  lb.  for  the 
G£-2io  motors  and  5  lb.  for  the  Westinghouse  310  motors. 

Carbon  Bmsh  Costs.  In  discussion,  Am.  £1.  Ry.  £ng.  Assn., 
1908,  Mr.  J.  S.  Doyle  of  the  Interborough  Rapid  Transit  Co., 
New  York,  speaking  of  a  special  brush  used  by  that  company, 
stated:  "  We  have  done  about  three  billion  miles  of  work  per  year 
and  by  using  this  special  brush  our  troubles  have  been  reduced 
85  per  cent,  on  the  elevated  division  and  about  96  per  cent,  on  the 
sabway  division.  The  initial  cost  of  the  special  carbon  is  consid- 
erably greater  than  that  of  the  ordinary  brush,  but  the  actual  cost 
as  measured  on  a  thousand-mile  basis  is  $0,173  ^^^  ^^  special  car- 
bon, as  compared  with  $0.44  per  thousand  nules  for  the  ordinary 
carbon,  which  is  in  addition  to  the  improvements  stated."  In  fur- 
ther discussion,  Mr.  Doyle  stated  that  in  aU  probability  the  spe- 
cial carbon  would  come  under  Class  No.  3  (see  p.  285,  Classification 
of  Railway  Motor  Brushes). 

The  following  table  from  Electric  Railway  Journal,  191 2,  shows 
the  carbon  htuSb.  costs  from  August,  191 1,  when  this  item  was  first 
segregated,  to  March,  191 2,  inclusive,  for  all  electric  cars,  except 
storage  battery  cars,  operated  by  the  Third  Avenue  Railway  on  its 
Third  Avenue,  Forty-second  Street  and  Dry  Dock  divisions: 


Mileage 

Date 

Cost 

1,065,778 
1.010,762 

August, 

September, 

October, 

November, 

December, 

January, 

February, 

March, 

191X 
1911 
1911 
191X 
1911 
1913 
1912 
1912 

I27. 

82 

970,229 
955.499 
964.307 
913.982 

930,  X99 
1.031,208 

49.34 

23. IX 

8.66 
14.83 
38.89 
18.75        i 

7,850,964 

Cost 

I181 

40 

:  2.31  cents  per  1000  car 

milt 

es. 

\ 

SjNoiing  at  the  Commutator  of  a  Railway  Motor.  A  great  niun- 
^0/ troubles  in  railway  motor  operation  are  due  to  sparking  at  the 
commutator.  Most  of  them  are  cumulative  or  are  climaxes  of  a 
cumulative  action  which,  other  things  being  constant,  depend  upon 
the  service  required  of  the  motor.  Starting  with  a  polished  com- 
mutator and  a  perfect  brush,  each  spark  will  remove  a  particle  of 
the  commutator  copper  and  possibly  a  bit  of  the  brush.  As  this 
goes  on,  the  contact  between  brush  and  commutator  ^ows  poorer, 
the  brush  vibrates  minutely  and  the  extent  of  the  sparking  increases. 
This  causes  poorer  brush  contact,  increased  brush  vibration  and 
^rking  and  grinds  the  brush  rapidly.  If  the  commutator  be  not 
dotted  this  removal  of  copper  will  leave  the  mica  projecting  above 
the  commutator  bars  and  all  the  effects  just  noted  will  be  augmented. 
Hard  brushes  under  a  considerable  pressure  will  grind  the  commuta- 
tor. This  grinding  action  continues  while  the  armature  revolves, 
and  if  the  sparking  is  not  too  severe  and  the  periods  during  which 
current  flows  not  too  long  nor  too  great,  compared  with  those  during 
which  the  commutator  is  revolving  with  current  off,  this  grinding 
action  may  remove  the  roughness  and  dress  the  brush  between 
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sparking  periods.    This  process  of  grinding,  however,  shortens  the 
lives  of  both  commutator  and  brush. 

Flash  Over  and  Insulation  Breakdown.  A  flash  over  may  be 
the  result  of  great  roughness  of  the  commutator,  or  it  may  result 
from  sudden  rushes  of  current  due  to  other  causes  such  as  bad  con- 
tact with  the  working  conductor  (brought  about  by  sleet  and  snow 
on  third  rail  or  trolley),  a  momentary  interruption  and  reestablish- 
ment  of  the  circuit  through  the  motor,  or  a  surge  set  up  in  the  supply 
by  a  remote  disturbance  such  as  a  short  circuit  or  the  flashing  over 
of  another  motor.  Thus  the  flashing  over  of  one  motor  may  cause 
other  motors  on  the  same  line  to  flash  over.  A  flash  over  may  be 
due  to  a  combination  of  high  counter  electromotive  force  and 
consequent  weak  field  caused  by  abnormally  high  speed,  a  com- 
bination which  may  be  produced,  for  instance,  in  running  on  a 
long  down  grade  with  power  on.  A  flash  over  may  also  take 
place  because  of  a  conducting  path  oflFered  by  the  particles  of 
copper  and  carbon  resulting  from  the  grinding  process  noted  in  the 
paragraph  preceding.  This  dust  also  works  into  the  insulation, 
thus  reducing  its  efficiency  and  in  some  cases  preparing  a  path  for  a 
breakdown.  This  process  of  insulation  breakdown  is  most  liable 
to  take  place  in  the  higher  voltage  motors. 

Commutating-poles.    In  the  railway  motor  the  comniutating- 
pole  (also  called  the  interpole)  is  a  small  pole  piece  placed  between 
the  main  poles  with  its  windings  in  series  with  the  armature.    The 
total  weight  of  copper  in  a  commutating-pole  motor  is  nearly  the 
same  as  that  in  the  non-cominutating-pole  motor  because  the  intro- 
duction of  commuta ting-poles  makes  possible  a  reduction  in  the 
number  of  field  turns.    The  function  of  the  interpole  is  to  improve 
commutation  at  all  loads  and  voltages  on  the  motor.    It  accom- 
plishes its  purpose  by  providing  a  field  which  when  swept  through 
by  the  armature  coU  short-circuited  by  the  brush  will  produce  a 
complete  current  reversal  in  that  armature  coil  so  that  there  will  be 
no  spark  when  contact  is  broken  between  the  commutator  bar  and 
the  brush  which  it  is  leaving.    Incidentally  the  commutating-pole 
prevents  or  diminishes  the  possibility  of  flash  overs  by  restricting 
rushes  of  current.    The  commutating-pole  is  permanently  connected 
directly  in  series  with  the  armature,  and  whenever,  as  for  the  purpose 
of  changing  the  direction  of  rotation,  the  direction  of  the  current  to 
the  armature  is  changed  the  direction  of  the  current  in  the  com- 
mutating-p>ole  winding  must  be  changed.    The  current  in  the  com- 
mutating-pole winding  varies  with  that  in  the  armature,  conse- 
quently, if  the  motor  operates  successfully  at  one  load  it  will  operate 
successfully  at  any  other  load  up  to  the  i>oint  of  saturation  of  the 
commutating-fK>le.    The  commutating-pole  operates  most  satis- 
factorily at  below  saturation.    At  loads  considerably  above  that 
whose  current  in  the  commutating-pole  winding  causes  saturation 
of  the  commutating-pole  the  influence  of  the  commutating-pole  is 
annulled  by  the  flux  due  to  the  current  in  the  armature  and  with  a 
still  further  increase  of  load  commutation  would  be  worse  than  with 
no  commutating-pole. 

Advantages  of  commutating-pole  railway  motors  as  compared 
with  non-commutating-pole  railway  motors  are  briefly  set  forth  by 
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Mr.  E.  H.  Anderson,  A.I.E.E.,  1907,  as  follows:  UJ  Sparkless 
commutation  even  on  heavy  overloads  (of  particular  advantage 
where  many  stops  make  rapid  acceleration  desirable);  (2)  flashing 
at  commutator  largely  reduced  and  probably  eliminated;  (3)  less 
wear  on  commutator;  (4)  cleaner  and  safer  motor  because  of 
reduced  carbon  and  copper  dust  from  brushes  and  commutator; 
(5)  marked  reduction  in  heating  of  commutator;  (6)  greater 
current  density  in  brushes;  (7)  increased  life  of  brushes;  (8)  in- 
creased eflficiency  and  free  running  capacity  because  of  lower  core 
and  commutator  losses;  (g)  possibility  of  successfully  using  higher 
voltages;  (10)  greater  facility  in  design  of  large  motors,  especially 
as  regards  commutation;  (11)  possibility  of  increasing  service 
capacity  of  motors  by  blowing.  To  these  may  be  added  the 
possibility  of  speed  control  by  field  regulation  because  satisfactory 
fidd  control  of  a  series  railway  motor  is  made  possible  only  by  the 
commuta  ting-pole. 

The  advantages  of  commutating-poles  are  of  least  importance 
with  low-voltage  and  low  power  motors. 

Relative  to  a  railway  motor  with  commutating  poles,  an  article 
by  Mr.  Clarence  Renshaw,  Electric  Journal,  1907,  says,  "A  properly 
designed  motor  of  this  type  should  run  practically  sparklessly  from 
a  load  so  light  as  to  give  treble  the  normal  speed  up  to  loads  as 
heavy  as  double  its  ordinary  i-hour  rating.  It  should  permit  high 
voltages  to  be  thrown  on  it,  either  at  standstill  or  when  running  at 
liigh  speeds,  and  its  stability  should  be  so  great  that  it  will  commu- 
tate,  without  appreciable  sparking,  rushes  of  current  which  in  the 
ordinary  motor  would  invariably  cause  flashing.  This  great  free- 
dom from  sparking  makes  the  interpole  motor  especially  well 
adapted  for  high- voltage  service." 

In  the  Electric  Journal,  1910,  Mr.  J.  L.  Davis  states  that  the 
interpoles  on  the  locomoti\'es  (4000-h.p.  locomotives  with  field 
c(mtrol  and  interpoles)  for  tunnel  service  on  the  Pennsylvania 
Wiioad  develop  2500  h.p.  with  the  weakest  field  without  appreci- 
able quirking  and  that  when  running  at  70  miles  per  hour  on  725 
vofts,  the  highest  speed  notch  and  the  weakest  field,  gaps  in  the 
third  rail  are  crossed  without  any  spitting  at  the  brushes.  He 
also  states  that  a  200-h.p.  commutating-pole  motor  running  on  800 
or  900  volts  at  very  high  speeds  will  take  a  current  rush  of  two  and 
one-half  times  fuU  load  without  flashing.  In  a  discussion,  Mr.  W. 
B.  Potter,  A.I.E.E.,  1907,  states,  relative  to  motors  suitable  for  oper- 
ation on  higher  voltage  direct  current  (and  600  volts),  ** a 

motor  having  commutating-poles  and  designed  for  operation  on 
600  volts  can  be  run  at  full  load  on  1000  volts  so  far  as  commutation 
is  concerned,  and  further,  such  a  motor,  when  the  current  is  momen- 
tarily interrupted,  or  there  is  a  momentary  rise  in  voltage,  will  not 
flash  over,  as  sometimes  happens  with  motors  not  having  commutat- 
iog-poles.  A  commutating-pole  motor  designed  for  1200  volts  and 
operated  at  that  potential  would  be  superior  to  the  ordinary  600- 
volt  motor,  both  with  respect  to  commutation  and  liability  to  flash 
over."  Interpoles  to  prevent  flashing  are  not  so  necessary  in  motors 
of  low  rating  as  they  are  in  motors  of  high  power  rating  because  of 
the  greater  choking  effect  due  to  the  greater  number  of  turns  on 
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the  field  of  the  smaller  motor  which  restricts  the  flow  of  current.  In 
the  Electric  Journal,  iQio,  Mr.  J.  L.  Davis  says  that  on  &  40-h.p. 
motor,  ruiming  at  high  speed  at  one-third  full-load  current,  the 
breakiiig  of  the  circuit  and  a  quick  reappUcatioa  of  full  voltage  viQ 
cause  a  rush  of  not  more  than  full-load  current  through  the  motor, 
and  in  a  aoo-h,p,  motor  running  on  J50  volts  at  one-third  full-load 
current  and  Bubjected  to  similar  treatment  a  rush  of  current  of 
150  per  cent,  overload  current  may  result.. 

Advantages  of  Commutating-poles  on  600- and  560- Volt  Hotcns 
in  Practice.  To  question  84,  Question  Box,  A.E.R.E.A.,  igur 
"What  are  the  advantages  obtained,  if  any,  by  using  interpole 
motors  for  strictly  city  service;  500  to  550  volts?"  Replies  as  fol- 
lows were  received  from  nine  companies:  One  company  reported 
having  operated  twenty-three  4-motor  equipments  for  about  10 
montljs  with  no  flash  overs,  while  flash  overs  on  non-interpole 
motors  were  not  uncommon;  one  stated  that  for  heavy  service  the 
use  of  interpole  motors  saves  one-half  maintenance  expense;  one, 
that  there  is  an  increased  overload  capacity  for  the  same  sized 
motor;  one  stated  the  belief  that  up  to  and  including  40-h.p. 
motors  it  is  not  advantageous  to  use  interpole  motors  for  dty 
r^  service,     where      the  . 

1  "l^*"'','^!?  average     voltage     is 

I  gp^ai ■■■■■•■>     M.*— '■■■■  from  500  to  550  volts;  ' 

iSP  two  reported  no  flash  <. 

over  troubles;  two 
repotted  less  flash 
over  troubles;  two 
reported  longer  brush 
life;  one  reported  httle 
wear  on  the  commuta- 
u.  tor;  one  reported  re- 
duction of  motor  trou- 
bles due  to  carboruia- 
tion;  one  reported  less 
bru^  holder  trouble; 
one  each  reported 
"none"    and    "v«y 

Wiring  Diagnmi 
of  Commiitating-pole 
MotDTB.  Figs.  67  to 
71,  inclusive,  show  the  direction  of  rotation,  throw  of  the  leads  and 
the  method  of  bringing  out  the  leads  on  typical  commutadng- 

Aimature  Repairs.  The  foUowing  is  from  the  report  of  the  1907 
Committee  on  Electrical  Equipment,  A.E.R.E.A.  .  "For  insida-  | 
tion  of  armature  coils  wound  with  round  wire  and  where  the  ultimate 
temperature  rise  is  less  than  6j  deg.  C,  cotton-covered  and  var-  1 
nished  cambricinsulationissuffident.  Where  ultimate  temperature 
rise  is  65  deg.  to  roo  deg.  C,  asbestos  covering  for  the  wiring 
is  necessary.  In  the  use  of  asbestos  material  your  committee 
would  call  attention  to  the  vital  importance  of  impregnation  with 
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moisture-repelling  vanush.  The  asbestos  should  be  considered  as  a 
fireproof  material  and  a  good  spacer  rather  than  a  good  insulator. 
Armature  coils  and  especially  those  wound  with  asbestos-covered 
wire  must   be  held  i ] 

I  (0  eiclude  all  move-  J   °^1 

I  meat  or  vibration  in 
(he  slot  or  at  the 

I  toads  it  is  consid- 
j  ered  good  practice 
to  impregnate  an 
armature  after  it  is 
^  wound   by  heating  ^ 

and  revolving  it  in 
as  impregnating 
bath.  The  advan- 
tage of  this  method 
is  improved  insula- 
tion and  rigidity  of 
windings  in  the 
core.  The  disad- 
I  vantage  is  the  diffi-  p,^;  6g._GE-ao3  motor. 

cuUy  of   raising   a 

cm]  should  it  be  necessary  to  patch  up  an  individual  coil.     Eipeii- 
ment  is  siiggested  with  the  use  of  all-fireproof  insulation  of  arma- 
ture coils;  that  is,  asbestos-covered  wire;  spacing  and  wrapping  with 
aica  and  wrapping  with  asbestos  tape.     It  is  suggested  that  this 
process     may     give 
lon,tr  Hie  even 
under       moderate 
temperatures     than 
the   cotton-covered, 

wrapped  coils." 
(A.E.R.E.A.  Mis- 
cellaneous Practice.) 
'  Where  the  original 
equipment  was  bar 
wound,  it  is  recom- 
mended that  insula- 
tion be  mica,  par- 
tially, if  not  wholly; 
where  bars  are  to 
be  replaced  it  is 
preferable  to  replace 
Fic.  69.— GE-aooA  motor.  with  bars  similar  to 

the  original,  that  is, 
■ith  insulation  of  mica.  However,  should  it  be  necessary  to 
repair  at  short  notice  and  no  mica-insulated  bars  are  at  hand,  a 
varnished   cambric-insulated  bar  is   recommended,   appreciating 
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a  and  shorter  as  the  working 


that  the  life  is  not  as 

temperature  is  liigher. 
Tests  of  Rewoimd  Aimatiires.    The  following  list  gives  the  tests 

in  the  order  of  their  application  to  completely  rewound  armatures 
by  the  Chicago  Rys. 
Co.:  (i)  Breakdown 
test  between  commu- 
tator and  sleeve  as  as- 

,  sembled    off    the  ma- 

chine; (a)  breakdown 
test  between  the  com- 
mutator and  sleeve, 
with  commutator  on 
the  shaft;    (3)  bar  to 

tor;  (4)  after  coils  are 
in  slots,  with  lower 
leads      connected     to 

tor    to    ground;     (s) 
Fig.  70.— WE&M.306  motor.  after  coils  are  in  dots, 

with  lower  leads  con- 
nected to  commutator;  breakdown  test  between  adjacent  leads; 
(6)  after  coils  are  entirely  connected  in  and  before  soldering;  break- 
down test,  commutator  to  ground ;  (7)  after  coils  are  entirely  con- 
nected in  and  before  soldering;  make  short  drcuit  tests  od  armature 
coils;    (8)  after  banding,  short  drcuit   and  open  circuit  tests  on 
armature  coils;  (9) 
after       banding, 
breakdown  test  to    '"^^SSi"'  t. 
ground,  r^ 

Locating    Short  Y^ 
Circvuta  in  Anna-  F 
turea     by    Direct  ^ 
Application  of  p- 
Altemating    Cur-  I — 
rent.    The  follow- 
ing    method    de- 
scribed    by     Mr. 
Leonard       Work, 
Electric     Journal, 
1910,  is  stated  by 
him   to   be    rapid 
and  thorough  (Fig. 
7^)^^  Alteniaticg  p,^    ,..--WEftM.3>.  moto 

to  the  commiitator  through  contacts  separated  by  an  amount 
equal  to  the  correct  brush  separation  for  ordinary  operation  of 
the  motor.  While  this  continues,  connection  is  made  and  broken 
between  any  pair  of  adjacent  bars  as  at  A  on  the  side  of  the  commu- 
tator opposite  the  pcdnts  where  the  alternating  current  is  applied. 


armatx:tie  tests 
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Fto.  72. — Test  of  armature  for 
short  ciiciiit. 


If  on  sudi  making  and  faieaking  there  is  a  small  spark,  there  is  no 
short  dicuit  between  these  adjacent  bais.  If  there  is  no  spaik,  a 
short  circuit  exists  between  tlicse  tvo  faais.  The  points  at  vfaidi 
the  alternating  anient  is  applied  to  the  annatiue  aie  advanced 
around  the  armatore  and  tbe  test  is  continued  between  each  pair 
of  adjacent  commutator  bars.  In 
making  this  test,  approzimatdy 
full-load  cunent  should  be  ap- 
plied The  test  is  made  with  tbe 
armature  removed  bom  the  motor 
frame. 

Armature  Test  by  Fnfl-lcMul 
CnrrenL  In  tbe  shops  oi  the 
Brookl3m  Rapid  Transit  Com- 
pany armatures  removed  frcxn 
the  motor  frames  are  tested  for 
poor  soldering,  defective  leads  and 
short  circuits  in  commutator  or 
armature  winding  by  passing  full- 
load  current  through  tbe  arma- 
ture by  way  of  a  pair  of  brushes 
set  in  the  same  relative  positions  as  for  actual  operation.  The 
current  flowing  through  the  armature  and  the  voltage  drop  between 
adjacent  commutator  bars  are  measured.  Poorly  sc^dered  con- 
nections and  abraded  leads  are  burned  off  by  tbe  current.  The 
testing  outfit  consists  of  a  rheostatic  controller  and  a  set  of  car 
resistances  arranged  to  give  any  desired  current  from  8  to  300 
amperes,  an  armature  circuit  breaker  and  switch.  Fig.  73  gives  a 
winng  diagram  for  the  outfit. 

Insulation  Test  of  Armatare  Coils.     (A.E.R.E.A.  Proposed 

Practice) :    Between  windings  and  ground. 

For  roads  using  trolley: 

New  armatures 2500  volts.  a.c..  5  seconds 

Old  armatures 1000  volts.  a.c..  5  seconds 

For  roads  using  third  rail  where  voltage  fluctuations  have  to  be 

taken  into  consideration: 

New  armatures 3000  volts,  a.c.,  5  seconds 

Old  or  partly  repaired  armatures. . .   1500  volts,  a.c.  5  seconds 

Between  armature  coils  before  windings  are  connected. 

New  armatures 230  volts,  d.c,  5  seconds 

Old  armatures no  volts,  d.c.,  5  seconds 

The  Boston  Elevated  Railway  uses  the  following: 

New  armatures 1600  volts,  a.c. 

Old  armatures 1000  volts,  a.c. 

Several  momentary  applications  of  this  electromotive  force  are 
made  in  each  case. 

Equipment  for  Armature  Insulation  Testing.  The  Chicago  City 
Railway  Company  uses  a  motor  generator  set  consisting  of  a  single- 
phase,  i2-kw.,  230-volt,  125-cycle  generator  excited  by  a  1.5-kw., 
i2s-volt  belted  exdter  and  driven  by  a  550-volt,  i87s-rev. 
per  min,  direct-current  motor.    The  testing  electromotive  force 
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B«fl  Iron  Twt  Pt«M 


is  obtained  by  the  use  of  a  5-kilovolt-ainpere  6000-volt  transformer 
ananged  to  give  a  voltage  of  from  200  to  6000  in  twelve  steps. 

Locating  Short  Circuits  and  Open  Circuits  in  Armature  Coils 
hyYcke  Transformer  Test  (Fig.  74).  A  "U"  shaped  two-pole 
laminated  iron  core  having  its  pcJe  pieces  cut  to  embrace  the  arma- 
ture as  is  done  by  the  motor  field  pole  pieces,  and  carrying  an  ex- 
dting  coU  about  its  yoke,  is  placed  against  the  armature  to  be 
tested.  When  the  coil  on  the  yoke  is  excited  by  an  alternating 
pirrent,  the  resulting  flux  passes  through  the  armature  core  and 
its  windings  and  in- 
duces an  electromotive 
lorce  in  the  latter. 
The  armature  coils 
which  are  in  a  position 
to  link  with  the  greatest 
number  of  lines  of  mag- 
netic force  have  in- 
duced in  them  the 
highest  electromotive 
force  and  if  one  of 
these  coils  be  short-cir- 
cuited a  heavy  current 
lill  flow  through  it  and 
this  will  be  evidenced  by  Fig.  74. — ^Yoke  transformer  test  for  armatures. 
Wating  of  the  coil,  or 

by  the  noisy  vibration  of  a  soft  iron  test  piece  laid  over  the  arma- 
ture. Manifestations  remain  the  same  when  the  two  adjacent 
commutator  bars  to  which  the  terminals  of  a  short-circuited 
coil  are  connected  are  short-circuited  by  having  a  piece  of  metal 
inserted  between  them  and  the  testing  current  is  momentarily 
applied.  The  test  is  continued  around  the  armature  by  revolving 
It  90  that  one  coil  at  a  time  will  come  under  the  influence  of  the 
strongest  field.  The  coils  not  found  to  be  short-circuited  are 
next  tested  for  open  circuit.  This  is  done  by  short-circuiting  ad- 
jacent commutator  bars,  pair  at  a  time,  and  applying  the  test  for 
short  circuit  to  the  corresponding  coil.  An  indication  of  a  short 
circuit  when  this  is  done  proves  the  absence  of  an  open  circuit 
in  the  coil.  In  testing  for  open  circuit  the  vibration  test  should  be 
used  and  the  current  should  not  be  kept  on  long  enough  to  damage 
the  coil  Tmder  test.  The  alternating  electromotive  force  applied 
to  the  testing  coil  used  by  the  Boston  Elevated  Ry.  Co.  is  from 
700  to  750  volts.  The  Pittsburgh  Railways  Co.  excites  the  testing 
coU  by  connecting  it  to  a  convenient  lamp  socket.  For  ease  in 
handlmg,  the  latter  company  has  bolted  the  testing  yoke  to  the 
top  cross-piece  of  a  two-wheeled  warehouse  truck  arranged  so  the 
truck  frame  will  stand  vertically  when  tipped  up.  This  arrange- 
ment permits  the  testing  yoke  to  be  quickly  moved  to  the  arma- 
tures which  are  mounted  on  wooden  horses  of  such  height  that  the 
armature  core  center  shall  be  even  with  the  center  of  the  testing 
yoke  when  the  truck  is  tipped  up. 

Bar  to  Bar  Armature  Test    Method  of  locating  open  circuits, 
short-circuits  and  grounds  in  a  closed  coil   armature  (Fig.   75). 
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In  the  following  discussion,  ''meter"  refers  to  the  instrument  with 
which  the  readings  are  taken;  this  may  be  a  galvanometer,  a  low- 
reading  voltmeter,  or  a  telephone  receiver.  If  a  telephone  receiver 
is  used,  "deflection"  refers  to  the  click  of  the  telephone  receiver 
when  the  circuit  is  made  or  broken  through  it.  Two  or  three  cells 
of  battery  will  be  sufficient  for  ordinary  work.    The  battery  is  first 

connected    across   op- 

.OalTuometer.  Low-reading  DOSite  COmmutatOT 

YoltmeterorTelephoat  OarS.    If  the  deflectioBS 

Becewer  are  the  same  when  the 

•  meter  is  connected  to 
each  pair  of  adjacent 
commutator  bars,  then 
there  are  no  open  cir- 
cuits, shcM't  circuits  nor 
leads  interchanged. 

Open  Circuit.  The, 
battery  is  connected 
to  two  points  on  the 
commutator  (these 
points  need  not  be 
diametrically  opposite 
each  other)  and  the 
meter  is  connected 
across  each  pair  of 
adjacent  commutator 
bars  in  turn.  Zero 
deflection  indicates  an 
open  circuit.  When 
there  is  but  one  open 
circuit  on  one  side 
between  the  batteiy 
contact  points  there 
will  be  a  great  deflec- 
tion when  the  meter  is 
connected  across  the 
adjacent  commutator 
bars  (as  17  and  18) 
which  lie  on  either  side  of  the  open  circuit.  When  an  open  cir- 
cuit is  located  it  should  be  closed  temporarily  by  a  drop  of  solder 
between  the  two  adjacent  commutator  bars  between  which  the 
break  occurs.  If  other  open  circuits  exist  they  may  be  located 
by  shifting  the  battery  contacts  to  other  points  and  repeating  the 
above  process. 

Short  Circuit.  When  the  meter  is  connected  between  two  ad- 
jacent bars  such  as  1-2  and  3-4,  between  which  there  is  a  short 
circuit,  there  will  be  a  very  slight  deflection. 

Leads  Interchanged,    If  as  between  10  and  11  the  deflection  is 
reversed,  the  armature  leads  connected  to  bars  10  and  11   are 
interchanged  from  their  correct  position. 
Ground.    The  battery  is  connected  to  two  points  of  the  com- 


Pig.  75. — Bar  to  bar  armature  test. 
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mutator,  approximately  opposite  each  other,  one  meter  term- 
inal is  comiected  to  the  armature  shaft,  and  the  other  is  drawn 
completely  around  the  commutator.  If  there  is  only  one  ground 
there  will  be  found  two  balancing  points,  or  points  giving  the  least 
deflection.  Next,  the  two  battery  contacts  are  to  be  shifted  a  few 
bars  one  way  or  the  other.  When  this  is  done  one  balancing  point 
will  be  found  at  the  same  bar  as  before,  thus  showing  the  approxi- 
mate location  of  the  ground.  The  other  balancing  point  will  move 
with  each  change  of  battery  connection  if  but  one  ground  exists. 

Mummified  Field  Coils.  The  use  of  mummified  strap-wound 
-field  coils  with  asbestos  insulation  has  become  practically  universal, 
and  round  wire  is  used  only  on  the  smallest  sizes  of  motors  where 
the  section  is  so  small  that  there  is  no  gain  by  the  use  of  flat  copper 
ribbon.  The  field  coils  are  wound  with  strip  copper  and  insulated 
between  turns  with  strip  asbestos  and  between  decks  with  flexible 
mica.  After  being  wound,  the  field  coils  are  compounded  in  the 
vacuum  treatment,  which  fills  the  coils  thoroughly.  After  being 
deaned  of  compound,  the  coils  are  wrapped  with  varnished  cam- 
bric and  tape  and  the  coU  is  submerged  in  insulation  varnish.  Thus 
insulate  with  heat-proof  insulation  in  the  interior,  the  coil  is 
able  to  stand  higher  temperature  than  earlier  types.  The  external 
insulation  makes  the  coil  practically  waterproof.  This  construc- 
tion makes  a  solid  coil  which  when  used  with  spring  backing  is 
idd  perfectly  tight.  The  purpose  of  the  spring  back  is  to  prevent 
tiie  chafing  of  insulation,  breaking  of  leads  and  grounding  of  the 
coil.  The  following  is  A.E.R.E.A.  Proposed  Practice:  "For 
fields  where  temperature  rise  will  not  exceed  65  deg.  that  the 
wire  be  cotton-covered  and  coil  impregnated  with  solid  compound 
and  wrapped  with  varnished  cambric,  further  wrapped  with  heavy 
webbing  and  dipped  in  varnish.  For  fields  where  temperature 
rise  is  65  deg.  to  100  deg.  C,  that  the  wire  be  asbestos-covered, 
ttd  coil  impregnated  with  solid  compound  and  wrapped  with 
asbestos  tape,  the  asbestos  tape  to  be  also  thoroughly  impregnated. 
The  above  recommendation  for  temperatures  between  65  deg. 
Sfld  100  deg.  applies  to  strap-wound  fields,  as  well  as  those  of 
round  wire." 

Ihsulatioii  Test  for  Field  Coils.     (A.E.R.E.A.  Proposed  Practice.) 

For  roads  using  trolley: 

New  fields 2500  volts,  a.c.,  s  seconds 

Old  or  partially  repaired 1000  volts,  a.c.,  5  seconds 

For  roads  using  third  rail  where  voltage  fluctuations  have  to  be 
.taken  into  consideration: 

New  fields 3000  volts,  a.c,  5  seconds 

Old  or  partially  repaired 1500  volts,  a.c,  5  seconds 

Field  Coil  Test  by  Full-load  Current  Full-load  current  is  ap- 
plied to  the  field  coil.  Temperature  and  voltage  drop  across 
the  coil  are  observed  and  compared  with  those  for  a  field  coil 
known  to  be  good. 

Field  Coil  Test  by  Transformer.  During  this  test  the  field  coil 
becomes  the  secondary  winding  of  a  transformer  (Fig.  76).  The 
field  coil  is  placed  on  the  laminated  iron  core  and  the  yoke  placed 
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The  primary  voltage 
appli^  and  the  ratio 
of  the  number  of  turns 
in  the  coil  under  test 
to  the  number  of  turns 
in  the  primary  coil 
must  not  be  sudi  that 
a  volta^  dangerous  to 
the  operator  or  insula- 
tion will  be  induced. 
II  there  is  no  short  c 


taken  by  the  primary  at  any 
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applied  voltage  will  be'the  same  as  without  the  field  coil  in  place  but 
with  the  yoke  in  place.  A  short  circuit  in  the  field  coil  is  evidenced 
by  a  considerable  current  in  the  primary,  and  if  the  applied  voltage 
be  of  sufficient  value  the  field  coil  will  become  appreciably  heated  by 
the  induced  current  flowing  within  itself.  The  terminals  of  a  field 
coil  found  to  contain  no  short  cir- 
cuit are  then  connected  together 
and  the  test  for  short  circuit  is  re- 
peated on  this  field  coil.  If  there 
is  no  evidence  of  short  circuit  when 
this  is  done  then  there  is  an  open 
circuit  within  the  coil.  If,  how- 
ever, the  test  indicates  a  short 
circuit,  this  field  coil  contains  no 
open  circuit.  Fig.  77  from  the 
Electric  Railway  Journal,  1913, 
shows  the  construction  of  a  field- 
testing  transformer  used  in  the 
shops  of  the  Brooklyn  Rapid 
Transit  Company.  The  frame- 
work A  is  made  of  wood.  5  is  a  slate  panel  20  X  11^  X  i  in., 
on  which  the  circuit-breaker,  ammeter  and  switch  are  mounted. 
C,  U  and  Z>,  which  comprise  the  magnetic  circuit,  are  made  of 
several  thicknesses  of  Ha-in.  wrought  iron  dipped  in  shellac.  After 
the  shellac  was  dried,  the  laminations  were  placed  between  the 
two  H-in.  side  pieces  and  riveted  together.  The  primary  coil  is 
Battery  Buzzer  made  up  of  eighty-one 

turns  of  No.  5  B.  &  S. 
double  cotton-covered 
wire     with      twenty- 
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78. — Transformer  for  testing 
field  coils. 
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Telephone 


T-i  and  T-2  and 
eighty-one  turns  be- 
tween T-i  and  T-3. 
£  is  a  cast-iron 
counter-weight  6H  in. 
in  diameter  and  6  in. 
wide  which  assists  in 
raising  D  and  also  in 
keeping  it  in  the  upper 
position  while  a  field 
coil  is  being  placed  in 
position  for  testing  or 

o     .   .«  .,  «  „     .    ^  while  one  is  being  re- 

standard  cou  Coil  under  Test  ^«.,^j       T"!,^  «^^T^    17 

«^  _  ,  ,  ,  ,  ,  .  o  . «  ..  moved.  Inearms, /♦, 
nc.  79. — Inductance  balance  for  testing  field  coils,  j^n^jg  of  W  X  2  in   flat 

iron,  bolted  to  i>,  have  the  counterweight  attached  at  the  other 
end  and  are  free  to  turn  on  a  pin.  D  and  counterweight  E  thus 
revolve  on  the  same  pin,  which  is  supported  by  two  brackets,  one 
on  €sach  of  the  upright  members  of  the  wooden  frame. 

Fig.  78  shows  another  arrangement  for  making  the  transformer 
test  of  field  coils.    C  C  are  two  similar  coils,  so  connected  that 
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the  voltage  induced  in  one  shall  oppose  that  induced  in  the  other. 
The  field  coil  to  be  tested  is  placed  on  one  of  the  legs  A  (the  yoke 
not  being  used  in  this  case)  and  an  alternating  current  is  applied 
to  the  primary  coil.  If  the  field  coil  under  test  contains  no  short 
circuit,  the  sound  in  the  telephone  receiver  will  be  very  faint.  If, 
however,  there  is  a  short  circuit  in  the  field  coil,  this  will  unbalance 
the  fluxes  through  C  C  and  the  sound  in  the  telephone  receiver  will 
be  loud.  The  terminals  of  a  field  coil  found  to  contain  no  short 
circuit  are  then  connected  together  and  the  test  for  short  circuit  is 
repeated.  A  loud  sound  in  the  telephone  receiver  now  indicates 
that  there  is  no  open  circuit  in  the  field  coil.  A  faint  sound  indi- 
cates that  there  is  an  open  circuit  in  the  field  coil.  If  it  is  desired, 
this  apparatus,  together  with  the  yoke  but  without  the  telephone 
receiver,  may  be  used  to  test  field  coils  in  the  manner  outlined  in 
the  preceding  paragraph. 

Field  Coil  Test  by  Inductance  Balance  (Fig.  79).  Instead  of 
the  battery  and  buzzer  indicated,  a  low-voltage  alternating  current 
may  be  used.  A  standard  coil  known  to  be  faultless  and  similar 
to  what  the  coil  under  test  should  be  if  perfect,  also  the  coil  to  be 
tested  are  connected  as  shown.  The  adjustable  inductances  A  and 
B  are  then  adjusted  to  give  a  balance  which  is  indicated  by  the 
faintest  sound  in  the  telephone  receiver.  If  A  and  B  are  then 
practically  alike,  the  coil  under  test  is  without  short  circuit  or  open 
circuit.  If,  however,  B  is  less  than  A  there  is  a  short  circuit  in  the 
coil  under  test. 

Insulating  Materials  for  Railway  Shop  Use 
(A.E.R.E.A.  Miscellaneous  Methods  and  Practices) 

Definitions.  Air  Drying  Varnishes.  Linseed  oil  or  other  dry- 
ing oils,  with  such  driers  and  treatment  as  to  dry  quickly  without 
necessity  for  baking. 

Baking  Varnishes,  Linseed  oil  or  other  drying  oils,  with  gums 
and  driers.     Requires  baking. 

Spirit  Varnishes,  Animal  or  vegetable  gums,  shellac,  copal,  etc., 
dissolved  in  alcohol,  amyl  acetate,  benzine,  etc. 

Insulating  Paints,  Solutions  of  asphalt,  and  mineral  gums  in 
carbon  bisulphide,  naphtha,  etc. 

Impregnating  Compounds,  Petroleum  asphalt,  melting  point 
105  to  115  deg.  C,  used  for  impregnating  motor  fields,  etc.  Paraf- 
fine  and  linseed  oil  are  each  used  as  impregnating  material  for 
special  purposes  as  described  below. 

Air  orying  varnish  should  be  composed  of  linseed  oil  or  other 
drying  oils  sufficiently  treated  and  with  proper  slmount  of  dryers  so 
that  varnish  will  dry  in  2  or  3  hours,  leaving  a  smooth,  flexible  sur- 
face. Baking  not  required.  Should  be  both  oil  and  moisture  proof. 
Should  not  crack,  soften  or  become  tacky  at  100  deg.  C. 

Baking  Varnish.  Composed  of  high-grade  linseed  oil,  with  some 
gums  and  dryers.  Baking  varnish  should  not  be  used  except  baked 
at  100  to  no  deg.  C.  for  10  or  12  hours.    Characteristics:  high 
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meltiDg  point,  flexibility,  smooth,  glossy  surface,  good  filler,  high 
insulating  qualities,  oil  and  moisture  proof. 

S|Hrit  varnishes  are  composed  of  animal  and  vegetable  gums,  such 
as  shellac,  copal,  etc. ,  dissolved  in  spirits.  Characteristics :  oil  proof 
but  not  moisture  proof;  good  stickers  and  binders,  but  not  neces- 
sarily good  insulators.    In  general  they  soften  at  loo  deg.  C. 

Note:  On  string  band  or  webbing  covering  mica  at  the  outer 
end  of  the  commutator  it  is  recommended  that  no  varnish  be  used 
that  will  soften  at  a  temperature  of  loo  deg.  C. 

Insalating  Paints.  These  are  solutions  of  asphalt  or  mineral 
gum  in  naphtha  or  other  solvents.  Characteristics  are  moisture 
proof  but  not  oil  proof,  lacking  in  toughness,  good  as  a  sticker  and 
paint,  but  not  high  in  insulating  qualities. 

Impregnating  Compounds.  Asphalt  Compounds.  Composed  of 
asphalt.  Characteristics:  Different  asphalts  have  widely  different 
melting  points.  The  asphalt  to  be  used  is  one  in  which  the  melting 
pcnnt  is  above  the  operating  temperature,  preferably  no  deg.  C. 
At  ordinary  temperature  should  be  somewhat  pliable,  but  should 
not  flow.  At  melting  point  should  flow  freely.  Is  moisture  proof, 
bat  not  oil  proof.  Good  as  a  filler,  and  has  fair  insulating  qualities. 
Asphalt  should  be  practically  free  from  volatile  matter.  In  order 
to  get  a  good  penetrating  asphalt  the  conunittee  recommends  that 
the  asphalt  shall  not  contain  more  than  5  per  cent,  of  constituents 
insoluble  in  carbon  bisulphide  (CSi). 

Paraffine  is  a  mineral  gum  of  a  low  melting  point,  suitable  for 
impregnating  wood  for  outside  or  low  temperature  work.  Is  not 
suitable  for  use  in  railway  apparatus  where  working  temperature 
is  over  50  to  60  deg.  C. 

Linseed  oil  is  excellent  for  filling  wood  parts  of  railway  apparatus. 
The  parts  should  be  boiled  in  raw  linseed  oil  until  filled  and  then 
baked  to  oxidize  same,  the  wood  to  be  finished  with  either  an  air 
drying  or  baking  varnish.  Wood  treated  in  this  manner  is  excellent 
for  outdoor  work,  exposed  to  climatic  conditions.  Linseed  oil 
hardens  under  temperature,  does  not  melt,  is  moisture  and  oil  proof 
and  is  flexible  and  strong. 

Tests  for  Insalating  Materials.  The  following  simple  tests  are 
recommended  for  the  various  substances :  Without  an  elaborate  test- 
ing laboratory,  it  will  be  impossible  to  find  the  exact  values  of  tests 
on  the  various  insulating  compK>unds,  but  these  tests  can  be  made 
with  little  or  no  apparatus  and  serve  as  very  good  general  tests  of 
the  material. 

Asphalt.  The  chief  consideration  in  connection  with  asphalt 
is  the  melting  point.  Asphalt  can  be  obtained  from  a  low  to  a  very 
high  melting  point.  Some  asphalts  contain  as  high  as  30  per  cent, 
of  inorganic  matter.  In  order  to  determine  how  much  inorganic 
matter,  a  certain  definite  amount  of  the  asphalt  can  be  melted  and 
humed  away  in  an  ordinary  crucible  or  gas  flame.  The  presence 
of  sulphur  and  the  degree  may  be  determined  by  melting  the 
^halt  and  allowing  a  bright  sheet  of  copper  to  remain  in  the 
melted  asphalt  for  2  or  3  days.  The  tarnishing  of  the  bright 
copper  will  indicate  the  presence  and  quantity  of  sulphur. 
20 
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Linseed  OH,  Linseed  oil  may  be  heated  up  to  the  boiling  point* 
and  if  there  be  any  foaming  and  spluttering  as  it  begins  to  boil,  it 
indicates  presence  of  water  in  the  oil.  Linseed  oil  may  have  a 
sediment  usually  known  as  "foots."  The  relative  amount  may  be 
approximately  determined  by  allowing  a  sample  of  the  oil  to  stand 
in  a  test  tube  for  about  24  hours  and  noting  the  amount  of  sediment 
deposited.  Regular  boiled  oil  has  a  specific  gravity  of  0.945  or 
higher,  whereas  the  ordinary  boiled  oil  which  has  been  produced  by 
pouring  into  the  bunghole  a  certain  amount  of  drier,  has  a  specific 
gravity  but  little  higher  than  raw  linseed  oil,  this  specific  gravity 
being  0.931.  Acids  are  used  during  the  process  of  refinement.  In 
order  to  test  the  amount  of  acids,  it  would  be  well  to  immerse  a 
bright  copper  strip  in  the  oil  for  several  days. 

Japans  and  Varnishes.  These  should  be  tested  at  a  temperature 
which  is  ordinarily  used  in  service.  After  the  coating  has  thor- 
oughly dried  in  the  air  or  by  baking,  according  to  which  treat- 
ment the  material  is  designed,  the  flexibility  of  the  coat  may  be 
determined.  It  would  be  well  to  test  with  a  bright  copper  strip 
for  acids. 

Shellac,  Shellac  contains  more  or  less  rosin.  The  determina- 
tion of  this  requires  elaborate  analysis.  The  quality  of  the 
shellac,  however,  may  be  determined  by  painting  on  bright  tin, 
and  by  making  comparisons  with  other  shellacs,  the  flexibility  may 
be  determined.  A  very  flexible  shellac  has  little  or  no  rosin.  The 
presence  of  rosin  makes  it  brittle.  It  would  be  well  to  test  with  a 
bright  copper  strip  for  acids. 

Paraffine,  The  chief  difficulty  in  paraffine  is  water  and  sul- 
phuric add  from  the  refining  processes.  The  amount  of  water 
can  be  determined  by  heating;  foaming  and  sputtering  on  reaching 
the  boiling  point  indicating  the  presence  of  water.     Sulphuric  acid 

can  be  detected  by  the  immersion  of 
a  bright  copper  strip,  or  by  mixing 
some  of  the  paraffine  with  boiling 
water  and  then  pouring  off  the  water 
and  testing  with  litmus  paper. 

Straightening  Armature  Shafts. 
Screw  Press.  The  following  descrip- 
tion of  a  screw  press  for  straighten- 
ing armature  shafts  is  from  the  1908 
Committee  on  Maintenance  and 
Inspection,  A.E.R.E.A.  (Fig.  80). 
The  screw  is  2H  in.  in  diameter,  the 
columns  2-in.  rod,  the  top  and  bed 
block  cast  iron,  and  the  bar  iM-in. 

Fig.  8o.-Screw  press  for  straight- ^t^?«^^^S^\«l  ^^1^?5^^    .J^«  ^l"^ 
ening  armature  shafts.  portion  ot  the  shaft  IS  laid  on   the 

V-blocks  and  the  screw  pressure  ap- 
plied between  them.  Where  the  shaft  is  bent  close  to  or  inside 
the  laminated  core,  the  core  is  carried  on  a  piece  of  leather  on  the 
concave  part  of  the  bed  block,  and  the  shaft  supported  by  one 
V-block.  For  convenience  the  press  is  operated  on  the  bed  of 
a  large  engine  lathe.    The  armature  is  removed  from  the  lathe 
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centers  when  pressure  is  applied,  after  which  it  is  placed  on  centers 
to  try  shaft  for  straightness. 

Hot  Straightening,  The  following  description  and  account  is 
from  practice  in  the  shops  of  the  Boston  Elevated  Railway,  Elec- 
tric Railway  Journal,  19  lo.  The  shaft  to  be  straightened  is  heated 
by  a  hoUow  cast-iron  collar  inside  of  which  a  mixture  of  gas  and  air 
is  burned.  When  assembled,  the  collar  is  14  in.  in  diameter,  7.5 
in.  long  and  has  a  central  longitudinal  hole  5  in.  in  diameter  through 
which  the  shaft  extends  in  the  process  of  heating.  The  collar  is 
made  in  two  parts  which  are  latched  together;  each  half  is  a  cored 
casting  having  walls  ^  in.  thick  and  its  core  holes  plugged  with 
pipe  plugs.  The  inside  of  each  half  cylinder  is  drilled  with  Hrin. 
holes  used  as  flame  apertures,  of  which  there  are  96  in  the  complete 
collar.  Each  half  is  supplied  with  gas  and  air  through  H-in.  pipes. 
When  used  the  collar  is  set  on  a  metal  plate  across  the  bed  of  a 
lathe  and  the  shaft  to  be  straightened  is  placed  inside  the  collar 
and  held  in  position  between  special  lathe  centers  until  it  is  heated 
to  a  red  heat.  Shafts  were  formerly  bent  in  cold  condition  by  one 
man  and  a  helper,  the  work  requiring  from  2  to  3  hours,  ac- 
cording to  the  nature  of  the  distortion.  By  the  heating  process 
it  was  done  by  one  man  in  one-half  to  three-quarters  of  an  hour, 
and  the  shaft  was  left  in  better  condition  than  when  bent  cold, 
Formerly  trouble  was  experienced  from  the  crystallization  and  sub- 
sequent breakage  of  cold-bent  shafts.  The  heating  was  not  detri- 
mental to  the  wearing  value  of  the  metal  and  the  resulting  strength 
improved  the  service  materially. 

Railway  Motor  Gears  and  Pinions 

Pitch.  The  diametrical  pitch  (number  of  teeth  per  inch  of  diam- 
eter of  pitch  circle)  commonly  used  is  2.5;  3  is  also  used,  but  for 
motors  of  not  greater  than  75  rated  h.p.  Larger  teeth  are  used 
on  locomotives. 

Taper  of  Pinion  Bore.  A  taper  for  bore  of  pinion  in  the  propor- 
tion of  1.25  in.  in  diameter  to  i  ft.  in  length  was  adopted  as 
standard  by  the  Am.  El.  Ry.  Eng.  Assn.,  191 1. 

Cast  Steel  Split  Gears.  The  halves  of  eight  bolt  gears  are  fas- 
tened together  by  four  bolts  on  each  side  of  the  hub,  two  of  each 
four  being  placed  beside  each  other  near  the  hub,  and  the  other  two 
as  near  the  rim  as  possible.  There  are  two  methods  of  bolting  the 
halves  of  four  bolt  gears  together.  One  method  is  to  place  one  bolt 
on  each  side  of  the  hub  and  the  other  two  out  near  the  rim.  Another 
method  is  to  place  two  bolts  on  each  side  of  the  hub,  side  by  side 
between  hub  and  rim.  A  complaint  in  connection  with  split  gears 
is  that  the  bolts  are  often  stretched  beyond  their  elastic  limit. 

Cast  Steel  Solid  Gears.  Generally  speaking,  solid  gears  can  be 
made  stronger  and  lighter  than  split  gears,  moreover,  they  require 
no  key  seating  in  the  axle. 

Diameter  Allowance  and  Pressure  Required  to  Fit  Solid  Gears. 
From  a  paper  by  Mr.  T.  W.  Williams  before  the  Street  Railway 
Association  of  the  State  of  New  York,  1910:  "An  allowance  of 
o.ooi  in.  for  every  inch  of  axle  diameter  should  require  from  40  to 
60  tons  to  force  the  gear  in  place,  and  such  a  fit  is  ample  to  prevent 
the  gear  from  slipping." 
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Tooth  Pressure.  In  a  paper  on  the  design  of  the  electric  loco- 
motive by  Messrs.  N.  W.  Storer  and  G.  M.  Eaton,  A.I.E.E.,  1910, 
it  is  stated  that  experience  indicates  a  pressure  of  1000  lb.  per  inch 
width  of  gear  face  as  a  perfectly  practicable  value  for  continuous 
rating  of  large  gears,  and  that  with  special  steel  pinions  and  high- 
grade  gears  it  is  probably  safe  to  exceed  this  figure.  In  the  St. 
Clair  Tunnel  locomotives  the  pressure  is  carried  on  a  single  gear 
having  a  6-in.  width  of  face  on  the  gears.  The  life  of  the  pinions 
is  40,000  to  50,000  miles.  With  the  normal  loads  at  which  the  loco- 
motive operates  on  up  grade  the  pressure  is  from  1500  to  2000  lb. 
per  inch  width  of  face  on  the  gears. 

Factors  Essential  to  DurabiUty  of  Gears  and  Pinions.  The  most 
important  factors  conducive  to  long  life  of  gears  are:  (i)  Proper 
steel  properly  treated;  (2)  proper  alinement;  (3)  proper  lubri- 
cation; (4)  tight  gear  cases. 

Specifications  for  Gears  and  Pinions  for  Motors  of  60  h.p.  and 
Over.  The  following  specifications  for  gears  and  pinions  were  sug- 
gested by  the  1908  committee  on  maintenance  and  inspection  of 
the  Am.  El.  Ry.  Eng.  Assn. :  Castings  to  be  of  op^en-hearth  steel  or 
other  approved  process.  They  must  be  free  from  shrinkage  cracks 
and  spongy  portions.  The  design  of  gear  must  be  such  as  to  mini- 
mize shrinkage  strains.  The  unfinished  surfaces  must  be  reason- 
ably smooth  and  free  from  sand  and  scale.  The  finished  surface 
of  the  teeth  and  the  finished  rim  below  teeth  should  be  reasonably 
free  from  sand,  gas  or  blow  holes  and  must  not  fall  below  specifica- 
tions as  given  below.  No  tooth  or  finished  surface  between  teeth 
shall  have  sand,  gas  or  blow  holes  which  will  reduce  the  strength  of 
the  tooth  more  than  10  per  cent,  on  motors  of  100  h.p.  or  under,  or 
more  than  7H  per  cent,  for  motors  of  100  h.p.  or  over.  When  sand 
holes  are  detected  in  a  tooth,  a  chisel  with  Me-in.  cutting  edge  should 
be  used  to  determine  the  depth  and  extent,  as  frequently  a  hole 
which  appears  on  the  surface  to  be  very  small  will  be  found  to  con- 
tain a  great  deal  of  sand.  In  the  case  of  gas  or  blow  holes,  the  chisel 
should  be  used  to  open  them  up  if  possible  and  then  a  small  piece  of 
flexible  wire  inserted  to  find  the  extent  of  the  cavity  to  which  they 
lead.  If  this  cavity  enlarges  under  a  tooth  or  between  teeth  in  such 
a  manner  as  to  affect  the  strength  of  the  tooth  to  the  extent  men- 
tioned above,  the  gear  will  be  rejected.  The  other  portions  of  the 
gear  must  not  contain  gas,  shrinkage  or  sand  holes  to  affect  the 
strength  of  these  portions  more  than  10  per  cent.  It  is  the  practice 
of  some  manufacturers  of  gears  to  fill  gas  or  shrinkage  holes  with  a 
mixture  or  compound  which  greatly  resembles  the  metal  itself. 
This  does  not  add  to  the  strength  of  the  tooth  or  gear,  and  prevents 
the  above  inspection  being  made.  The  committee,  therefore,  recom- 
mends that  any  gears  so  treated  be  rejected.  The  thickness  of  the 
rim  between  the  teeth,  measured  at  a  point  9^  in.  from  the  finished 
edge  of  rim,  must  not  be  less  than  H  in.  for  3-pitch  teeth,  and  H  in. 
for  2j.^-pitch  teeth.  For  split  gears,  the  aggregate  cross-sectional 
area  of  the  bolts  or  studs  holding  halves  together,  preferably,  should 
not  be  less  than  4.8  sq.  in.,  measured  in  the  body  of  the  bolt,  for  the 
lightest  gear,  and  increase  for  the  heavier  gears  consistently  with 
other  dimensions.    All  nuts  must  be  positively  locked  by  means 
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other  than  a  spring  lock  washer.    The  thickness  of  the  teeth,  com- 
pared one  with  another,  must  not  vary  more  than  o.oi  in.  and  thick- 
ness at  correct  pitch  line  must  not  exceed  the  correct  thickness  and 
must  not  run  below  correct  thickness  by  more  than  o.oio  in.    Pitch 
line  must  be  concentric  with  bore.    On  solid  gears  with  axles  up  to 
6  in.  in  diameter,  the  bore  must  not  vary  in  diameter  more  tnan 
0.001  in.  over  and  0.002  in.  under  given  dimensions.     For  split 
gears  the  bore  must  not  be  greater  than  given  dimensions.    All 
gears  should  be  stamped  with  the  name  of  manufacturer  and  date 
of  manufacture  in  a  place  not  subject  to  wear  and  where  same  can  be 
seen  without  removal  of  gear.    The  steel  in  gears  must  not  contain 
more  than  0.06  per  cent,  sulphur  or  more  than  0.06  per  cent,  phos- 
phorus, and  must  have  the  following  physical  properties:  Tensile 
or  ultimate  strength  not  less  than  60,000  lb.  per  square  inch;  elastic 
limit  or  yield  point  not  less  than  27,000  lb.  per  square  inch; 
elongation  in  2  in.  not  less  than  15  per  cent,  per  square  inch;  con- 
traction of  area  not  less  than  20  per  cent,  per  square  inch.    The 
bolts  used  for  split  gears  should  have  the  following  physical  proper- 
ties: Ultimate  strength,  60,000  lb.  per  square  inch;  elastic  limit, 
3S,ooo  lb.  per  square  inch.    The  committee  recommends  the  serious 
consideration  of  solid  gears  and  their  adoption  wherever  practicable. 

Specificatioiis'for  Railway  Motor  Pmions,  for  Motors  of  60  h.p. 
and  Over.  Finished  surface  of  teeth  must  be  absolutely  free  from 
flaws  of  any  kind.  The  thickness  of  the  teeth,  compared  one  with 
another,  must  not  vary  more  than  o.oio  in.,  and  thickness  at  correct 
pitch  line  must  not  exceed  the  correct  thickness  and  must  not  run 
below  correct  thickness  by  more  than  o.oio  in.  Pitch  line  must  be 
concentric  with  bore.  The  bore  must  not  vary  in  diameter  more 
than  0.00 1  in.  under  and  0.00 1  in.  over  given  dimension.  The  name 
of  the  manufacturer  and  date  of  manufacture  should  be  stamped  on 
the  pinion  in  a  place  not  subject  to  wear;  preferably  on  the  end  of 
pinion  on  which  the  diameter  of  bore  is  smallest.  Their  physical 
(luracteristics  should  be  as  follows:  Tensile  strength,  110,000  lb. 
per  square  inch  (minimum);  elastic  limit,  70,000  lb.  per  square 
inch  (minimum);  elongation  in  2  in.,  15  per  cent.;  reduction  of 
area,  20  per  cent. 

Classificatioii  of  Gears  and  Pinions.  The  following  classification 
of  gears  and  pinions  according  to  material  and  treatment  was  given 
by  the  191 2  committee  report  on  equipment  Am.  El.  Ry.  Eng. 
Assn.: 

Cast  steel 


Gears 


f  Plain 
Alloy 
Heat  treated  \  Surface  treated 


Alloy  /  Quenched 

'  I  Su  ' 


Forged  or 
Rolled  steel 


Plain 

Alloy  f  Quenched 

Heat  treated  \  Surface  treated 

Plain 


Pinions,     Forged         Alloy  f  Quenched 

[  Heat  treated  \  Surface  treated 

Physical  Characteristics  and  Chemical  Composition  of  Gears 
and  Pinions.  The  following  tables  of  approximate  values  were 
constructed  on  the  same  report  (hardness  as  given  is  from  Brinnel 
Hardness  Gage) : 


310 


ELECTRIC  RAILWAY  HANDBOOK 


Physical  Characteristics,  Gears 


Material 

Tensile 

strength, 

pounds 

Elastic 

limit, 

pounds 

Reduction 

in  area, 

per  cent. 

Elongation, 
per  cent. 

Hard- 
ness 

Cast  steel 

60,000 
75.000 

85,000 
95.000 

25.000 
45.000 

55.000 
55.000 

20 
40 

35 
30 

18 
24 

22 
30 

140 

Cast  steel   (tempered 

in  oil). 
Forged  steel 

200 
165 

Hard  steel  alloy 

Physical  Characteristics,  Pinions 


Material 

Tensile 

strength, 

pounds 

Elastic 

limit, 

pounds 

Reduction 

in  area, 

per  cent. 

Elongation, 
per  cent. 

Hard- 
ness 

Forged,  (low  carbon) . . 
Flam     forged     (high 

carbon). 
Heat-treated     forged 

(low  carbon). 
Heat-treated     forged 

(high  carbon). 
Special  alloy 

55,000 
85,000 

100,000 

115.000 

95,000 

25,000 
50,000 

55,000 

82,000 

55.000 

35 
40 

40 

33 
30 

SO 
20 

Z8 

IS 

30 

ISO 
200 

230 

300 

Chemical  Composition  of  the  Above  Gears  and 

Pinions 


Piece 

Carbon, 
per  cent. 

Manga- 
nese, 
per  cent. 

Phosphorus, 
per  cent. 

Sulphur, 
per  cent. 

Cast  steel  sear 

0.40 
0.40 
0.40 

0.60 

0.30 

0.60 
0.60 
0.60 

0.75 
0.13 

0.04  (max.) 
0.04  (max.) 
0.04  (max.) 

0.04  (max.) 

0.04 

0.04  (max.) 
0.04  (max.) 
0.04  (max.) 

0.04  (max.) 
0.04 

Forged  steel  gear 

Forged    steel    pinion    (low 

carbon). 
Forged  steel  'pinion   (high 

carbon). 
Special  alloy  pinion .■ . . 

Approximate  Life  of  Gears  and  Pinions.  The  following  informa- 
tion is  from  a  paper  by  Mr.  T.  W.  Williams  at  a  meeting  of  the 
Street  Railway  Association  of  the  State  of  New  York.  Data  from 
gears  and  pinions  (2.5  pitch)  on  loo-h.p.  motors  on  two  cars  identical 
as  to  weight,  motor  capacity,  running  schedule  and  route.  The  life 
was  estimated  by  subtracting  the  amount  of  wear  on  the  pitch  circle 
of  the  teeth  after  running  50,000  miles  from  the  original  thickness 
and  then  estimating  how  many  more  car  miles  the  teeth  could  run 
before  o.i  in.  had  been  worn  from  each  face  of  the  teeth,  on  the 
basis  that  the  wear  would  be  constant  throughout  their  life.  The 
pitch  of  all  the  gears  was  2.5. 


Description 

Life  of  pin- 
ion, miles 

Life  of  gear. 

miles 

Untreated  high  carbon  pinion  running  with  cast 

steel  gear. 
Heat-treated    high  carbon  pinion  running  with 

cast  steel  gear. 
Heat-treated    high  carbon  pinion  running  with 

heat-treated  high  carbon  gear. 
Case-hardened  pinion  running  with  case-hardened 

gear. 

70,000 
100.000 
250,000 
200,000 

230,000 
240,000 
750,000 
650.000 

GEARS  AND  PINIONS  311 

The  following  from  the  same  source  is  from  tests  of  pinions  under 
I  severe  service  conditions  with  a  view  to  determining  the  relative 
I  merits  of  alloy  steels,  both  treated  and  untreated,  also  heat-treated 

arbon  steel.    The  pinions  were  of  2.5  pitch  and  14.5  deg.  angle. 

("No.  I "  and  "No.  2 "  refer  to  the  companies  furnishing  the  steel.) 

Untreated  Chrome  Nickel  Steel,  No.  i,  4  Pinions 

One  broken  after 33.3oo  miles 

One  worn  out  after 84,800  miles 

One  broken  from  outside  causes 85,600  miles 

One,  record  lost. 

Chrome  Nickel  Heat-treated  Steel,  No.  i,  4  Pinions 

One  broken  after 26,000  miles 

One  broken  after 83,000  miles 

Two,  record  lost. 

Chrohe  Nickel,  No.  2,  4  Pinions 

None  broken 

Two  worn  out  after  an  average  of 98,500  miles 

Two  broken  from  outside  causes  after  average  of.   49,000  miles 

Chrome  Nickel  Heat  Steel,  Untreated,  4  Pinions 

One  broken  after 48,500  miles 

One  worn  out  after 33.000  miles 

One  removed  due  to  change  in  gearing  after. . . .  117,000  miles 
One,  record  lost. 

Chrome  Tungsten  Nickel  Steel,  Untreated,  4  Pinions 

None  broken 

Two  broken  from  outside  causes  after  an  aver- 
age of 82,000  miles 

One  removed  due  to  change  in  gearing  after. ...    119,000  miles 
I  One,  record  lost. 

Carbon  Heat-treated  Steel,  10  Pinions 

None  broken,  none  worn  out. 

Three  broken  from  outside  causes  after  an  aver- 
age of 73.800  miles 

Five  removed  due  to  change  in  gearing  after  an 
average  of  approximately 115,000  miles 

Two,  record  lost. 

The  above  tests  indicate  the  advisability  of  using  high-grade 
Acat-treated  steel  or  case-hardened  steel  for  gears  and  pinions  used 
with  railway  motors  up  to  75  h. p.  capacity,  while  heat-treated  car- 
bon steel  alone  is  best  suited  for  gears  and  pinions  which  are  subjected 
to  higher  tooth  stresses  by  motors  of  larger  capacity;  for  not  only  will 
the  breakage  of  the  teeth  be  reduced  to  a  minimum,  but  the  cost  of 
the  gearing  per  mile  run  will  be  considerably  lower,  notwithstanding 
the  relatively  high  price  paid  for  it. 

"Columbus  Shop  Notes,"  Electric  Railway  Journal,  191 2,  gives 
as  an  average,  figured  from  results  with  440  cars  in  19 11: 

GB  grade  D  gear 176,201  miles 

GE  grade  D  pinion 127,451  miles 

Kecessity  of  High  Quality  of  Pinion  Material  for  Large  Motors. 
The  following  statement  was  taken  from  the  report  of  the  191 2 
Committee  on  Electrical  Equipment,  Am.  El.  Ry.  Eng.  Assn.: 
"Your  committee  would  c^  your  attention  to  the  higher  duty 
required  of  pinion  material  on  the  larger  sizes  of  motors,  as,  for  in- 
stance, a  40-h.p.   motor  pinion  has  a  s-in.  face  while  a  200-h.p. 
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motor  pinion  has  but  5.25  in.  face.  It  is,  therefore,  of  vital  im- 
portance that  consideration  be  given  to  pinion  material  being  of 
quality  suitable  for  the  higher  duty." 

Material  and  Wear  of  Gears  and  Pinio]i&  The  following  is  an 
extract  from  the  report  of  the  19 10  Committee  on  Eqmpment, 
Am.  El.  Ry.  Eng.  Assn.: 

"Your  committee  .  .  .  would  suggest  that  careful  considera- 
tion be  given  to  the  matter  of  .gear  vibration,  as  it  is  evident  from 
experiments  made  by  one  of  the  large  manufacturing  companies  that 
this  is  responsible  to  a  large  degree  for  many  failures  such  as  broken 
armature  leads,  broken  gear  bolts,  gear  and  motor  cases,  as  well  as 
broken  armature  shafts  and  axles.  It  would  seem,  therefore,  ad- 
visable to  establish  limit  of  gear  wear  with  reference  to  the  elimina- 
tion of  gear  vibration  rather  than  with  reference  to  the  mechanical 
endurance  of  pinion  and  gear  teeth  as  is  present  practice.  This 
naturally  includes  the  limits  of  wear  on  axle  and  armature  bearings 
with  reference  to  the  proper  meshing  of  pinions  and  gear  teeth. 
Such  limits  can  only  be  properly  established  after  careful  investi- 
gation, which  your  committee  has  been  unable  to  make,  and  would 
recommend  that  it  be  taken  up  during  the  coming  year.  ^  For  the 
information  of  the  members  and  with  a  view  to  promoting  discussion 
on  the  subject,  your  Committee  takes  the  liberty  of  quoting  from 
letters  received  from  two  prominent  manufacturers  of  equipment, 
on  this  subject  as  follows: 

Letter  No.  i.  75  k.p.  and  under:  Motors  of  75  h.p.  and  under 
may  use  three  kinds  of  gears  and  two  kinds  of  pinions. 

Gears:  First — Usual  steel  casting  for  both  solid  and  split  gears. 
Second — High  carbon  steel  oil  quenched  rims.  Third — Case- 
hardened  teeth,  case  hardening  to  be  at  least  Ho  in.  deep. 

Pinions:  First — High  carbon  steel  oil  quenched.  Second — Case 
hardened. 

The  gears  should  be  of  the  same  characteristics  as  the  pinions. 
This,  however,  is  only  possible  in  solid  gears;  split  gears  should  con- 
tinue to  be  made  of  the  usual  steel  casting. 

The  characteristics  of  the  high  carbon  steel  should  be: 

Tensile  strength 1 15.000  to  120,000  lb. 

Elastic  limit 80,000  to    85,000  lb. 

Reduction  in  area 30  to  35  per  cent. 

Elongation 13  to  15  per  cent. 

For  the  high  carbon,  the  above  physical  properties  can  be  ob- 
tained and  the  above  specifications  should  be  rigidly  held  to. 

Over  75  h.p.  For  motors  of  over  75  h.p.,  only  the  high  carbon 
steel  oil  quenched  should  be  used  for  both  gears  and  pinions. 

Case  Hardening.    A  case  hardening  of  a  thin  skin  of  say,  o.oio  in. 
is  of  small  value.    The  case  hardening  should  extend  to  at  least  ( 
Ho  in.  or  to  a  depth  to  which  the  teeth  are  allowed  to  wear. 

Allowable  Wear  of  Pinion  and  Gear  Teeth.  This  is  limited,  first 
by  noise,  and  second  by  strength  of  the  material  of  the  teeth.  High 
carbon  steel  maintains  elastic  limit  of  80,000  lb.  all  the  time.  In 
order  to  get  good  case  hardening  it  is  necessary  to  start  with  a  lower 
carbon  steel,  and  when  the  case  hardening  is  worn  off,  the  elastic 
limit  of  the  material  left  is  about  one-third  of  the  value  of  a  high 
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carbon  oil  quenched  steel.  Thus,  the  limit  of  wear  from  the  stand- 
point  of  strength  may  be  considerably  less  with  the  case-hardened 
pinion  than  with  high  carbon  oil  quenched  steeL  A  high  carbon 
steel  tooth  apj)arently  may  be  worn  until  the  thickness  at  the  pitch 
line  is  two-thirds  of  the  original  thickness.  The  limit  of  wear 
for  a  case-hardened  pinion  should  be  slightly  less  than  the  depth  of 
case  hardening.  As  affecting  the  strength  of  the  pinion  and  gear 
teeth,  the  proper  fit  of  these  teeth  should  be  maintained.  Excessive 
vearing  of  armature  and  axle  bearings  not  only  gets  the  pinion  and 
gear  out  of  mesh,  but  causes  the  teeth  not  to  fit  entirely  across  the 
face.  The  gear  and  pinion  are,  therefore,  at  an  angle  to  each  other, 
bringing  a  greater  strain  on  the  end  of  the  teeth  nearer  the  motor.  It 
seems  that  a  good  limit  for  the  wear  of  bearings  is  that  they  should 
not  be  worn  in  any  place  to  a  greater  extent  than  ^4  in.  measured 
from  the  center,  or  m  other  words,  radially.  It  would  not  be  safe 
to  measure  this  as  H  in.  in  diameter  for  the  reason  that  the  bearings 
might  be  worn  on  one  side.  The  rapid  development  of  material 
and  treatment  of  the  materials,  together  with  the  relative  costs  and 
life  of  gears  and  pinions,  may  radically  change  these  suggestions  in  a 
year  or  so.  Some  of  the  points  on  which  there  is  development  are, 
material,  treatment  of  material,  and  shape  of  tooth. 

Letter  No.  2.  Material,  From  a  wearing  standpoint,  material 
for  gears  and  pinions  should  be  hard,  so  as  to  withstand  the  severe 
punishment  01  the  line  contact  load  of  the  two  teeth  in  contact. 
This  hardness,  however,  must  not  be  obtained  at  the  sacrifice  of 
ductility,  as  the  shocks  on  gear  and  pinion  teeth  due  to  reversing, 
flashing  and  back-lashing,  due  to  worn  teeth  and  bearings  or  the 
jumping  of  the  wheels  at  high  speed  on  rough  track,  is  very  great 
and  extreme  hardness  of  course  generally  tends  toward  brittleness. 
The  material  which  has  been  found  most  reliable  so  far,  is  a  special 
treated  carbon  steel.     Gears  and  pinions  of  this  type  are  showing 

otaemely  good  life  and  freedom  from  breakage  under  very  severe 

service.  Case-hardened  gears  and  pinions  are  being  tried  on  a 
fsidy  large  scale  and  give  promise  of  good  results.  They  are  more 
ipt  to  be  noisy  at  first,  owing  to  distortion  in  treatment,  which 
appears  to  be  unavoidable.  However,  their  greater  freedom  from 
wear  will  make  them  less  noisy  during  their  life  than  other  types  of 
gears.  Where  case-hardened  gears  are  used,  great  care  musi  be 
taken  to  retain  sufficient  ductility  in  the  material  under  the  case 
hardening  to  prevent  breakage.  They  have  the  advantage  of  re- 
taining nearly  the  full  tooth  size  and  proportions  through  their  life, 
as  the  wear  is  very  slow,  until  the  case  is  worn  through,  but  as  soon 
as  it  wears  through  on  some  teeth,  these  teeth  will  wear  rapidly, 
thus  making  the  gear  noisy  and  encUng  its  usefulness. 

Limit  of  Wear,  In  general  it  is  considered  good  practice  to  wear 
pinion  teeth  until  they  measure  He  in.  flat  at  the  tips.  It  would 
probably  be  better  to  consider  the  amount  of  wear  at  the  pitch  line 
rather  than  at  the  extreme  tip  of  the  tooth,  and  it  is  probable  that 
with  the  standard  pitch  of  gears  now  used  %»  in.  on  either  side  of 
the  tooth  is  about  the  limit.  With  material  sufficiently  hard  to  pre- 
vent grooving  in  the  service  in  which  it  is  used,  the  teeth  should 
remain  very  close  to  the  true  involute  during  their  life,  so  that  with 
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the  exception  of  the  increased  back-lash,  they  should  run  and  wear 
well  until  the  above  limit  is  reached.  If  the  axle  bearings  are 
allowed  to  become  worn,  so  as  to  have  more  than  He  in.  play,  the 
pitch  line  separates  so  as  to  wear  the  tip  of  the  tooth  more  than  the 
root,  with  the  result  of  having  bad  wear  on  the  new  pinions  assembled 
with  the  old  gears,  especially  when,  as  is  usually  the  case,  new  bear- 
ings are  installed  at  the  same  time  as  the  new  pinion.  I  think  that 
it  is  impossible  to  place  too  great  emphasis  on  the  advisability  of 
keeping  down  the  play  in  the  axle  bearings,  especially  on  heavy, 
high-speed  equipment.  Careful  attention  to  the  lubrication  of 
gears  and  to  keeping  up  the  axle  bearings  will  far  more  than  repay 
the  operators  in  the  increased  life  and  cost  of  maintenance  of  gears 
and  pinions  and  freedom  from  noise  and  consequent  loosening  of  the 
entire  truck." 

Measurement  of  Gear  Tooth  Wear.    The  following  method  of 
measuring  gear  and  pinion  tooth  wear  on  the  Brooklyn  Rapid 

Transit  System  was  de-| 
vised  by  Mr.  W.  E.  John- 1 
son:  An  ordinary  sliding 
caliper  (Fig.  8i)  which  is 
provided  with  a  stop  plate 
to  give  the  required  dis- 
tance from  the  top  of  the 
tooth  to  the  pitch  circle, 
is  used  to  obtain  the  thick- 
ness of  the  tooth.  The 
wear  is  then  obtained 
directly    by   inserting   a 
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Fig.  8i. — Gear  tooth  caliper. 


tapered  gage  (Fig.  82)  between  the  jaws  of  the  caliper.  This 
gage  is  based  on  the  same  principle  as  a  tapered  screw  or  wire 
gage.  The  zero  point  represents  the  theoretical  thickness  of  the 
new  tooth,  and  the  gage  is  tapered  0.04  in.  per  inch  of  length. 
Full  H  in.  graduations,  with  intermediate  partial  graduations, 
are  provided  on  one  face  of  the  gage,  and  as  each  full  gradua- 
tion represents  a  difference  in  thickness  of  0.0 1  in.,  readings  to 
0.00 1  in.  can  readily  be  obtained  with  this  gage.    The  height  of  the 
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Fig.  82. — Gear  tooth  wear  gage. 


jaws  on  the  calipers  will  vary  according  to  the  pitch  and  also  accord- 
ing to  the  number  of  teeth  in  gear  and  pinion  of  the  same  pitch. 
Where  a  comparison  in  wear  between  pinions  of  the  same  pitch  but 
with  different  numbers  of  teeth  is  required,  it  may  be  desirable  to 
have  a  set  of  calipers  for  each  type  of  pinion.    As  the  difference  in 
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reading  in  such  cases  would  be  very  slight,  however,  and  as  they 
would  at  any  rate  be  comparative,  one  caliper  usually  is  satisfactory 
for  each  pitch  used.  Gear  tooth  calipers  which  measure  the  thick- 
ness of  tooth  directly  are  manufactured. 

Treatment  of  Gear  and  Pinion  SteeL  Oil  quenching  and  case 
hardening.  The  data  used  in  the  following  are  from  a  paper  by  Mr. 
T.  W.  Williams  before  the  Central  Electric  Railway  Association, 
1910. 


Material 

Tensile 

strength, 

lb.  per 

sq.  in. 

Elastic 
limit,  lb. 
per  sq.  in. 

Reduction 

in  area, 

per  cent. 

Elonga- 
tion, per 
cent. 

Hardness 

Steel    con  t  a  i  n  i  n  g 
about  0.7  per  cent, 
carbon,  before  treat- 
ment. 

Same,     after    oil 
quenching. 

After  case  hardening. 

85,000 

120,000 
140,000 

40,000 

85,000 
135.000 

40 

30 
2  or  3 

18 

IS 
2  or  3 

120 

300 
625 

Note  :    The  values  given  for  case-hardened  material  are  but  approximate. 

From  these  tests  it  is  seen  that  the  oil  treatment  practically 
doubles  the  strength  and  more  than  doubles  the  degree  ot  hardness. 
Case  hardening  brings  about  a  greater  increase  of  strength  and 
hardness. 

Material  of  Meshing  Gear  and  Pinion  Should  be  the  Same.  In 
the  paper  referred  to  above,  Mr.  Williams  also  states  that  if  soft 
steel  gears  be  run  against  hard  steel  pinions,  or  vice  versa,  the  softer 
surface  becomes  charged  with 
the  gritty  material  wluch  finds 
its  way  into  the  gear  case,  and 

iibea   so   charged  this  surface 

gnnds  away  the  harder  surface, 

hat  when  hardened  gears  and 
pinions  are  run  together  this 
trouble  does  not  seem  to  be  so 
great.  . 

Gears  Having  Teeth  of  Special  i-wfwhoi,Dn,th 

Design  ("Stub-tDoth"   Gears).  ''^J^'' 

Where  gears  are  constantly  sub- 
jected to  extraordinarily  great 
strains  it  may  be  necessary  to 
use  gears  having  teeth  of  special 
design.  Such  a  design  is  shown 
^  Fig.  83  from  the  practice  of 
the  Aurora,  Elgin  and  Chicago 
Railroad  Co.  In  the  develop- 
ment of  these  gears  the  old  ratio  of  1.6  was  not  changed.  The  first 
gears  used  were  three-pitch,  having  fifty-eight  teeth  in  the  gear, 
thirty-six  teeth  in  the  pinion  and  a  5-in.  face.  As  traffic  developed 
and  the  service  requirements  became  more  severe,  breakage  of  teeth 
in  these  original  gears  called  for  a  design  with  a  stronger  tooth,  and 
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Fig.  83. — Stub- tooth  gears. 


316  ELECTRIC  RAILWAY  HANDBOOK 

accordingly  the  pitch  was  changed  to  2.489.  This  gave  forty-eight 
teeth  on  the  gear  and  thirty  teeth  on  the  pinion.  Although  this 
latter  t}^  gave  a  larger  tooth  section,  trouble  from  breakage  was 
still  experienced.  The  latest  type  of  tooth  has  been  in  service  on 
a  number  of  cars  for  a  period  of  9  months  (1914),  and  no  breakage 
has  occurred.  This  gearing  has  a  diametrical  pitch  of  1.6598  and 
has  an  exceptionally  big  blunt  tooth  which  is  very  rugged. 

Double -pmion  Drive  for  City  Cars.  In  the  double-pinion  drive  a 
pinion  pressed  onto  each  of  the  extended  ends  of  the  armature  shaft 
meshes  with  a  gear  mounted  on  the  axle  just  inside  of  the  car  wheel. 
This  arrangement  reduces  distortion  and  thus  reduces  bearing  and 
wheel  flange  wear.  Mr.  A.  A.  Blackburn,  Chief  Engineer,  Belfast 
(Ireland)  City  Tramways,  Electric  Railway  Journal,  19 14,  gives  the 
following  points  relative  to  the  use  of  double-pinion  drive  based  on 
4  years  of  exp>erience  with  it.  Cars  have  been  sent  in  to  the 
shop,  on  an  average,  about  every  9  months  for  wheel  flange 
wear,  but  the  cars  fitted  with  the  double  gears  stay  in  service  for  an 
average  period  of  11  months  before  being  sent  into  the  shop. 
This  is  attributed  to  the  fact  that  the  four  gears  drive  the  truck 
parallel  on  the  track.  These  cars  also  climb  hills  better,  as  the 
wheels  have  not  the  same  tendency  to  slip.  The  trucks  do  not  have 
the  same  comer-thrust  action,  consequently  they  keep  more  square 
and  the  wheels  wear  more  evenly.  Motormen  report  that  the 
double-geared  cars  run  much  steadier  and  start  easier.  In  starting 
the  car  there  is  not  the  same  jerk  as  with  single-geared  trucks, 
therefore  there  is  not  the  same  wear  on  gears  and  pinions.  These 
cars  have  run  on  every  service  and  over  every  route  on  the  system, 
and  careful  meter  tests  show  that  the  energy  consumption  per 
car  mile  is  slightly  less.  Armatures  and  motor-suspension  bearings 
wear  more  evenly  and  last  longer.  Commutators  do  not  flash  across 
and  they  wear  better.  In  fitting  the  double  gear  wheels  to  an  axle, 
a  certain  amount  of  care  is  necessary  to  see  that  the  gear-wheel  teeth 
are  parallel  and  are  perfectly  in  line  one  with  the  other.  To  obtain 
these  results  everything  depends  upon  the  accuracy  with  which  the 
gear-wheel  keyseats  are  cut,  as  the  least  alteration  in  the  keyseat  or 
key  throws  the  gears  out  of  mesh.  The  armature  shaft  is  lengthened 
out  at  the  commutator  end  to  suit  the  extra  pinion,  and  the  same  care 
must  be  observed  here  as  with  the  gears,  that  is  to  say,  the  keyways 
in  the  pinions  must  be  cut  exactiy  parallel  one  with  the  other. 
Gears  and  pinions  are  supplied  with  keyseats  accurately  machined 
out  for  this  purpose,  but  sHght  errors  will  sometimes  arise.  There- 
fore all  gear  wheels  are  tested  before  fitting,  by  placing  two  gear 
wheels  together  on  an  axle  fitted  with  a  long  key.  By  this  means 
it  is  possible  to  see  if  the  gear-wheel  teeth  and  keyseats  correspond. 
Pinions  are  tested  by  a  similar  means.  A  short  piece  of  axle  is 
turned  with  a  taper  at  each  end,  and  fitted  with  two  keys.  Two 
pinions  are  then  pushed  together  until  they  meet.  It  is  then  pos- 
sible to  see  at  a  glance  whether  the  teeth  are  in  line.  Occasionally 
a  gear  key  will  have  to  be  side-stepped  to  permit  moving  the  gear 
wheel  around  until  the  gear  teeth  are  in  line,  and  when  this  has  to  be 
done  the  procedure  is  as  follows :  First  of  all ,  one  gear  is  fitted  firmly 
into  position,  then  the  second  gear  is  placed  over  its  keyseat,  from 
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which  the  key  has  been  removed,  and  then  the  gear  is  carefully 
adjusted  by  means  of  a  steel  T-square,  into  the  blades  of  which 
are  cut  slots  which  fit  over  one  tooth  in  each  of  the  two  gears.  The 
amount  of  side-step  or  offset  required  by  the  key  can  be  seen 
at  once  from  the  relative  position  of  the  keyways  in  the  shaft  and 
in  the  gear. 

Bearings 

Liners  in  Old  Motor  Armature  Bearings.  (A.E.R.E.A.  Proposed 
Practice. )  Regarding  the  possible  advantage  of  substituting  bronze 
armature  liners  for  cast  iron,  babbitt  lined,  on  the  oldest  types  of 
motor,  general  opinion  indicates  that  the  advantages  obtained 
would  not  ordinarily  warrant  the  expense  of  changing.  General 
experience  shows  that  in  city  service  cast  or  malleable  iron  armature 
liners,  with  a  lining  of  high-class  tin  base  babbitt,  give  satisfactory 
results. 

Annatore  Dropping  on  Pole  Pieces.  (A.E.R.E.A.  Proposed 
Practice.)  Where  older  types  of  motor  are  used  in  high-speed 
interurban  service,  and  give  trouble  from  armature  dropping  on 
the  pole  pieces,  it  is  recommended  that  special  attention  be  given 
to  improving  lubrication,  and  that  a  trial  be  given  of  displacing 
the  iron  liner  having  a  thick  babbitt  lining,  with  a  bronze  liner  hav- 
ing a  lining  not  over  Ho  in*  thick  of  high-class  tin  babbitt.  It  h 
the  general  opinion  that  it  is  imperative  for  high-speed  intenurban 
service  that  a  hard,  high-class  tin  babbitt  be  used. 

Azle  Liner.    (A.E.R.E.A.  Miscellaneous  Methods  and  Practices.) 

It  is  recommended  that  where  total  thickness  of  axle  liners  is  %  in. 

and  over,  a  malleable  iron  shell  be  used,  with  not  less  than  M«  in. 

babbitt  lining  securely  anchored  both  on  flanges  and  bearing  surface. 

That  where  total  thickness  of  axle  liner  is  H  in.  or  less,  a  high-class 

bronze  or  bell  metal  be  used.    That  for  liner  of  thickness  between 

Hin.  and  H  in.  a  somewhat  cheaper  bearing  metal  of  hard  brass 

Qay  be  used  with  economy.    All  brass  or  bronze  axle  liners  should 

be  nned  with  a  genuine  babbitt  or  tin  lining  He  in.  thick,  securely 

so/dered. 

Bronze  and  Brass.  (A.E.R.E.A.  Miscellaneous  Methods  and 
Practices.)  The  following  formulas  were  submitted  by  the  1908 
omunittee  on  Maintenance  and  Inspection  of  Electrical  Equipment, 
A.E.R.E.A.  as  having  been  '^highly  spoken  of  for  durability  and 
satisfactory  service : '  * 

Bronze:  Copper,  80  per  cent.;  tin,  11  per  cent.;  lead,  8  per  cent.; 
phosphor-tin,  i  per  cent. 

Brass:  Copper,  77  per  cent.;  tin,  5  per  cent.;  lead,  6  per  cent.; 
zinc,  12  per  cent. 

Maintenance.  General  sizes  of  bearings  for  economical  main- 
tenance. The  following  is  from  a  reply  in  the  Electric  Journal, 
1910:  The  practice  is  sometimes  foUowed  of  supplying  a  stock  of 
bearings  standardized  to,  say,  three  sizes  differing  slightly  in 
diameter.  The  larger  size  of  bearing  is  used  for  new  equipment, 
the  second  size  for  equipments  in  which  the  journals  have  worn 
sufficiently  to  require  repair,  whereupon  the  latter  are  turned  down 
to  a  size  corresponding  with  the  second  standard  size  of  bearing; 
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the  next  smaller  size  of  bearing  is  used  in  a  similar  way  for  equip- 
ments requiring  a  third  renewal,  etc.  The  economy  of  a  given 
method  of  maintenance  depends  upon  the  number  of  equipments 
of  a  given  type  that  are  involved  and  also  upon  the  total  number 
of  equipments  in  operation. 

Babbitting.  Method  of  setting  up  for  babbitting  and  allow- 
ances to  be  made  for  oil  space  and  irregularities.  (From  the  same 
source) :  A  set  of  bearings  should  be  clamped  in  a  carefully  made  jig 
chuck  after  casting,  and  bored  to  the  following  allowances:  Solid 
bearings,  0.002  in.  per  inch  diameter  of  bearing;  split  bearings, 
0.003  in.  per  inch  diameter  of  bearing.  It  should  not  be  necessary 
to  test  for  alinement  in  the  motor  frame  if  the  proper  tools  are 
used. 

Babbitt  (A.E.R.E.A.  Proposed  Practice.)  It  is  desirable  that 
a  road  avoid  if  possible  using  a  large  variety  of  babbitts,  and  that 
the  number  of  grades  used  be  as  few  as  possible.  Where  more 
than  one  grade  of  babbitt  is  used,  it  is  of  utmost  importance  that 
they  be  kept  separate. 

Advantage  of  Tin  Babbitt,  (A.E.R.E.A.  Proposed  Practice.) 
A  pronounced  advantage  in  using  genuine  tin  babbitt  is  found  in 
that  the  metal  may  be  remelted  repeatedly  without  deterioration. 
In  remelting  genuine  tin  babbitt,  it  has  been  found  desirable  to 
introduce  a  raw  potato  into  the  mielting  pot,  to  stir  up  the  molten 
babbitt  and  assist  in  oxidizing  out  lead  or  other  impurities. 

Babbitt  Used  in  Practice,  (A.E.R.E.A.  Proposed  Practice.) 
The  following  formula  (a)  is  principally  used,  and  formulas  approxi- 
mating (b)  are  frequently  used  by  operating  roads: 

Tin  Antimony  Copper 

(a)  83 H  per  cent.  S\i  per  cent.  8V6  per  cent. 

(b)  88 . 9  per  cent.  7  •  4  per  cent.  3 . 7  per  cent. 

Rules  for  Rebabbitting  Bearings.  The  following  detailed  instruc- 
tions are  from  the  practice  of  the  Cleveland,  Painesville  &  Eastern 
Railroad  Co.: 

Prepare  the  shell  by  melting  out  all  the  old  babbitt  and  chip  and 
file  the  edges  of  the  lubrication  holes  and  oil  groove  recesses,  leaving 
them  clean  and  smooth;  then  heat  the  shell  suflSdently  to  drive  off 
any  moisture.  Rub  the  surface  to  be  tinned  with  a  cloth  saturated 
with  a  zinc  chloride  soldering  solution.  Coat  any  machine  part  of 
the  shell  not  to  be  tinned  with  a  thin  mixture  of  graphite  and  water. 
Dip  the  shell  thus  prepared  in  a  pot  of  half-and-half  solder  which 
should  be  kept  at  a  temperature  between  315  and  370  deg  C. 
Leave  the  shell  in  the  solder  until  it  is  just  hot  enough  for  the 
solder  to  run  off,  leaving  a  thin  coating.  Remove  the  shell  from  the 
pot  and  thoroughly  rub  the  surface  to  be  coated  with  a  swab 
saturated  with  the  zinc  chloride  soldering  fluid,  making  sure  that  all 
parts  have  an  even  coating.  Rub  the  tinned  surface  with  clean 
waste  to  remove  any  oxide  or  other  foreign  matter  and  brush  the 
graphite  from  the  untinned  parts.  The  mandrel  should  be  large 
enough  to  leave  after  babbitting  at  least  0.020  in.  for  finishing. 
Close  the  lubrication  holes  with  a  cylindrical  piece  of  sheet  iron, 
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pouiing  them  solid  with  the  lining,  and  then  clean  them  out  after- 
ward with  a  hot  iron.  The  temperature  of  the  blocks  at  the  pouring 
should  be  the  same  as  that  of  the  shell.  The  babbitt  ^ould  be 
kept  at  a  temperature  between  350  and  475  deg.  C.  Dip  the 
metal  from  the  bottom  of  the  pot  to  insure  thorough  stirring.  To 
avoid  pocketing  air  pour  in  a  steady  stream,  about  M«  in.  in  diame- 
ter, directly  down  aroimd  the  mandrel.  Perform  all  operations 
from  tinning  to  pouring,  inclusive,  as  rapidly  as  possible,  not  allowing 
the  bearing  to  cool.  Blow  holes  should  be  sealed  with  a  hot  solder- 
ing iron,  using  the  same  babbitt.  Remove  the  babbitt  from  the 
lubrication  holes  with  the  hot  iron,  file  the  edges  smooth  and  clean 
out  the  oil  grooves.    Finish  bearing  in  accordance  with  design. 

Oil  Lubrication  and  Life  of  Armature  Bearings.  An  article  in 
the  Electric  Railway  Journal,  1913,  by  Mr.  N.  W.  Storer  states: 
"With  old  grease  lubrication  it  was  no  uncommon  thing  for  arma- 
ture bearing  shells  to  be  replaced  after  3000  miles  of  service.  The 
Kfe  of  the  bearing  on  the  No.  ioi-5-2  motor  may  be  anything  up 
to  300,000  to  400,000  miles.  This  extraordinary  result  is  due  to 
the  excellent  design  of  the  bearing,  which  has  the  waste  packed 
against  the  shaft  on  the  low  pressure  side,  with  pressure  of  a  column 
of  waste  over  it,  and  the  oil  fed  from  below,  coming  from  the  well, 
which  may  be  gaged  at  any  time  to  see  that  the  oU  is  kept  at  the 
economic^  level.  This  type  of  bearing  is  now  universally  adopted. 
It  is  scarcely  necessary  to  add  oil  to  the  bearings  more  than  once  a 
month,  so  that  not  only  is  the  cost  of  lubrication  reduced  to  a 
negligible  quantity,  but  the  cost  of  maintaining  the  bearings  and 
the  loss  due  to  the  armature  getting  down  on  the  pole  pieces,  which 
was  a  fruitful  source  of  expense  with  the  old  bearings,  have  been 
practically  eliminated." 

Features  of  EfSlcient  Railway  Motor  Lubrication.  The  follow- 
ing three  lubrication  features  are  foimd  in  modem  railway  motors: 
U)  Bearings  well  lubricated  by  the  use  of  oil-soaked  waste.  (2) 
Separate  oil  well  for  gaging  depth  of  oil  and  for  receiving  fresh 
oil.  (3)  Efficient  oil  throwers  as  a  protection  against  the  oil  reaching 
the  interior  of  the  motor. 

Rule  for  Packing  Journal  Boxes,  Motor  Axle  and  Armature 
Bearings  with  Oil  and  Waste.  (A.E.R.E.A.  Proposed  Practice.) 
(For  preparation  of  oil  and  waste  see  page  323.)  Inspect  the  boxes 
and  bearings  and  see  that  dust  collar  and  guard  and  box  cover  are 
in  good  condition  and  as  nearly  dust  proof  as  possible.  See  that 
journal  bearings  are  not  so  badly  worn  that  the  two  outer  edges 
touch  the  journal,  as  a  bearing  in  this  condition  will  act  as  a  scraper 
and  a  hot-box  will  result.  Also  see  that  there  are  no  threads  or 
waste  between  the  bearing  and  journal.  Place  the  packing  bucket 
close  to  the  journal  box  that  is  to  be  packed  so  that  no  surplus  oil 
will  fall  to  the  ground.  The  first  waste  applied  should  be  in  the 
form  of  a  roll  and  packed  tightly  in  to  the  rear  end  of  the  box  for 
the  purpose  of  retaining  the  oil  and  excluding  the  dust  and  dirt 
from  the  back  of  the  box.  The  waste  should  then  be  placed 
between  the  bottom  of  the  journal  and  the  bottom  of  the  box  and 
packed  firmly  enough  to  form  a  good  wiping  contact  with  the 
journal,  but  not  so  tight  as  to  roll  or  wedge.    The  waste  placed 
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at  the  sides  of  the  journal  should  never  be  placed  above  its  center, 
and  should  lie  rather  loose.  Wipe  all  surplus  oil  and  waste  threads 
from  the  mouth  and  edges  of  the  box  and  close  the  lid  tightly. 
The  above  rules  apply  to  motor  axle  and  armature  bearings,  with 
motors  designed  for  this  type  of  lubrication.  Boxes  should  be 
packed  within  about  H  in.  of  the  top  and  all  springs,  bolts  and 
covers  should  be  examined  to  see  that  they  are  closed  tightly  and 
that  they  are  as  nearly  dust  proof  as  possible. 

Grease  Lubrication  of  Motor  Axle  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  In  dty  service  it  is  recommended  that  motor- 
axle  bearings,  where  grease  is  used  in  the  older  types  of  motors, 
shall  be  lubricated  every  2  days,  or  about  every  300  miles.  In 
high-speed  service  where  grease  is  used  to  lubricate  the  motor>axle 
bearings,  they  should  be  lubricated  daily.  See  that  grease  is  pressed 
down  so  as  to  form  a  firm  contact  with  the  axle  and  take  sufficient 
amount  to  fill  the  cup  within  H  in<  of  the  top.  See  that  grease- 
cup  cover  is  tightly  closed.  See  that  hinge  bolt  and  springs  are  in 
such  condition  as  to  keep  cup  cover  firmly  closed. 

Oil  Lubrication  of  Motor-axle  Bearings.  (A.E.R.E.A.  Proposed 
Practice.)  Motor-axle  bearings  in  city  service  where  the  newer 
types  of  motors  are  used,  that  are  designed  for  oil  and  waste  lubri- 
cation, should  be  lubricated  weekly,  or  about  every  1000  miles. 
Motor-axle  bearings  in  high-speed  service  with  the  later  type  of 
motors,  designed  for  oil  and  waste  lubrication,  should  be  lubricated 
every  3  days,  or  about  every  1000  miles. 

Frequency  of  Lubrication  of  Armature  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  The  following  rule  is  recommended  for  the 
lubrication  of  armature  bearings:  Where  grease  is  used  in  the 
older  type  of  motor  in  city  service,  the  armature  bearings  shall  be 
lubricated  every  other  day,  or  if  on  a  mileage  basis,  every  300  miles. 
Where  oil  cups  are  in  use  on  the  older  types  of  motors,  the  conunit- 
tee  believes  the  lubrication  should  be  left  to  the  judgment  of  the 
operator.  In  high-speed  service  where  grease  is  used  as  a  lubri- 
cant in  armature  bearings  on  the  older  types  of  motors,  the  arma- 
ture bearings  should  be  lubricated  daily,  or  if  on  a  mileage  basis, 
every  300  miles.  In  high-speed  service  where  oil  and  waste  are 
used  as  lubricants  in  the  newer  types  of  motors,  armature  bearings 
shall  be  lubricated  every  3  days,  or  about  every  1000  miles. 

Gaging  Amount  of  Lubricant  in  Motor  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  It  is  recommended  that  where  motor  is  de- 
signed so  that  height  of  oil  in  reservoirs  can  be  gaged,  that  gaging 
be  invariably  done  as  a  part  of  the  oiler's  inspection;  that  oil  levels 
be  maintained  at  a  height  that  experience  shows  is  most  economical 
and  that  where  no  provision  is  made  in  the  design  of  motor  for 
gaging  oil,  wherever  possible,  a  home-made  tube  or  other  device 
be  installed  for  such  purpose. 

Quantity  of  Car  Oil  Used  in  Practice,  The  following  table 
showing  amounts  of  oil  required  for  the  lubrication  of  armature 
bearings,  axle  bearings  and  journal  bearings  is  from  a  statement 
in  Aera,  191 2,  of  lubricating  material  used  in  surface  car  shops  dur- 
ing October  and  November,  1911,  Brooklyn  Rapid  Transit  Co.: 
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Shops 

Months 

Number 
of  cars 

Number 
of  motors 

Total 
mileage 

Average 

miles 

per  car 

per  day 

Number 

of 

armature 

bearing 

oilings 

Ridgewood 

BastN.  Y 

Maspeth 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

346 
346 

355 
355 

240 
240 

216 
216 

394 
394 

z6o 
160 

860 
860 

1,016 
1,016 

608 
608 

490 
490 

982 
982 

420 
420 

784.149 
774,826 

907,573 
885.975 

547,415 
528,277 

528,380 
509,361 

826,288 
797,204 

427,662 
421,615 

73.2 
72.3 

82.7 
80.6 

74.0 
71.0 

79.2 
76.2 

67.8 
65.3 

86.4 
85.1 

11,404 
11.440 

13,988 
13,002 

7,032 
6,982 

8,752 
8,748 

14.802 
14,940 

6,288 
6,274 

58th  Street 

Ninth  Ave 

Platbtifth 

Shops 

Number 
of  axle 
bearing 
oilings 

Number 

of 
journal 
oilings 

Armature 
bearings  + 

axle  bear- 
ings+ 
journal 

bearings 
oilings 

Total 
gallons 
car  oil 

Car  oil- 
gills  per 
average 
bearing 
oiling 

Car  oil- 
gills  per 
1000 
motor 
miles 

Ridgewood  . . . 
EastN.Y.... 

Mttpeth 

58th  Street  . . . 
Ninth  Ave  . . . 
Flatbnsh. 

11,184 
11,344 

12,860 
12.784 

6,972 
6,936 

8.696 
8,616 

14,754 
14.674 

6,188 
6,180 

666 
748 

958 
828 

474 
404 

363 
372 

1,092 
916 

488 
498 

22.254 
23.532 

36,806 
26,614 

14,478 
14.322 

18,010 
17.936 

30.648 
30,530 

12.964 
12,952 

475 
035 

601 
546 

290 
319 

403 
361 

590 
590 

370 
355 

0.653 
0.864 

0.717 
0.656 

0.641 
0.712 

0.717 
0.665 

0.617 
0.619 

0.914 

0.877 

7.57 
9.97 

7.03 
6.48 

6.17 
7.13 

10.5s 
9.77 

9.44 
9.63 

10.03 
9.82 

Adaptation  oi  Oil  Lubrication  to  the  Older  Tjrpes  of  Railway 
Motofs  Originally  Designed  for*  the  Use  of  Solid  Lubricants. 
The  1908  Committee  on  Maintenance  and  Inspection,  Am.  £1. 
Ry.  £ng.  Assn.,  recommended  that  oil  be  used  to  lubricate  arma- 
ture and  motor  axle  bearings  wherever  it  is  possible  to  do  so  by 
the  use  of  oil  cups.  It  also  stated  that  users  of  oil  in  the  older 
types  of  motors  are  obliged  to  inspect  and  lubricate  their  arma- 
ture and  axle  bearings  daily.  Relative  to  the  mileage  between 
lubrications  of  the  older  types  of  motors  adapted  to  the  use  of 
Oil,  the  statement  of  that  committee  is:  ''  Where  oil  cups  are 
21 
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used  for  the  hibrication  of  motor-oxle  bearings  on  the  older  type 
at  motors,  your  committee  has  decided  that  owing  to  the    dif- 
ferent and  numerous  types  and  conditions  under  which  they  are 
used,  the  operators  would  be  the  better  judges  in  this  respect." 
A.E.R.E.A.         Proposed 
Practice.    The  first  step 
in   the  line   of  reformed 
lubrication  was  to  intro- 
duce   an    oil    cup    that 
would     slip     inside     the 
grease  cup.     The  devices 
for  feeding  the  oil  have 
been  many  and  various; 
some  with  constant  feed 
,  depending  upon  the  ca_pil- 
I  lary  attraction  of  wicks 
'i  or  yam  strands;   otbers 
i  with  more  or  less  auto- 
matic features.    Doubt- 
less some  of  these  tyi>es 
of   oil   feed  are  satisfac- 
tory,  but   judging    from 
the  growing  tendency  to 
adopt   a    more    positive 
form    of   lubrication    for 
motors,   it   would    seem 
__      .       _  J  ,       ..  that  the   early  forms  of 

Fi<n  S4. — Gmse  cup  UTinaed  loc  oil —  .,  .  ■_,     ■  r 

o-H  Columbus.    "  oil  cup  are  not  ideal  for 

reliability  and  good  re- 
sults. The  tendency  is  not  to  depend  upon  the  capillarity  of  a 
single  thread  or  a  small  nick  to  oil  a  motor  bearing,  but  to  have  some 
medium,  such  as  oil-soaked  felt  or  waste  put  into  actual  physical 
contact  with  the  Journal.  In  Aeca,  iQu,  Mr.  I.  F.  Uffert,  Master 
Mechanic,  United  Trac- 
tion Co.,  Albany,  N.  Y., 
states:  "From  my  ex- 
perience with  the  older 
types  of  motors  such  as 
GE-57,  1000,800,67.52 


I. 


i-A,  38-B,  49, 56,  which 
were  designed  for  grease, 
I  find  the  best  way  of 
lubricating  these  motors 
with  oil  is  to  put  a  piece 
of  felt  into  the  slot  of  '       „      „  j,      •■    ^t. 

the  bearing,  then  lay  F'c-8s-G«^|uj.|Ltr^^(oro.l-Cluc«o 
another  piece  of  felt  over 

same,  but  covering  entire  bottom  of  grease  cup,  then  fill  remainder 
of  cup  with  woo!  waste  packed  in  quite  tight  on  top  of  felt.  Felt 
neit  to  shafts  should  be  removed  at  least  once  a  month,  as  it  be- 
comes gummed  up  and  oil  will  not  feed  through.    I  have  found 
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and  86. 

Preparing  Oil  uid  Waste  for  Lubrication.  (A.B.R.B.A.  Pro- 
posed Practice.)  A  good  grade  of  wool  waste  should  be  used,  that 
das  a  sufficient  eksCidty  to  act  io  a  spongy  condition  after  it  has 
been  saturated  and  drained,  and  also  of  a  sufficient  carrying  capadty 
to  act  as  a  wide  or  feeder  from  the  bottom  of  the  box  to  Ae  journal 
which  is  to  be  lubricated.  The  oil  should  also  be  of  a  good  grade 
■nd  suitable  for 

the  purpose.  °* 

The  waste  should  lut 

be  picked  apart  •'a 

»nd  saturated  in  -i  f,r 

oil,  not  less  than  I  au 

48  hours  before  iri^ 

using,  allowing 
Spt.ofoiltoilb. - 
of  waste,  and  the 
ml  should  be  of 
such  a  tempera-  __ 
luie  as  to  flow 
Ireely.        Waste 

should    then    be     Fig.  86.— Grease  cup  arranBed  for  oil— South  Bend, 
drained  or  wrung 

out,  tememberiug  that  it  is  to  be  used  to  act  as  a  sponge  or  wick 
'ather  than  a  hard  solid  mass  with  oil  covering  it.  The  waste 
should  be  in  such  condition  that  whea  pressed  in  the  boxes  the 
ml  will  not  overflow  and  run  out  over  the  dust  guards  or  opening 
iiiUie  front  of  the  boi. 

lujiectioa  and  Lubrication  of  Gears  and  Pinions.  (A.E.R. 
^'A.,  Miscellaneous  Methods  and  Practice.)  It  is  recommended 
out  there  be  an  inspection  of  gears  and  pinions  each  1000  miles, 
sujqilying  lubricant  if  needed,  believing  that  a  small  quantity  of 
gtar  grease  applied  frequently  will  insure  a  better  economy  of 
lubricant  thaaneavy  doses  administered  at  long  intervals.  At- 
tutioii  is  also  called  to  the  higher  duty  required  of  pinion  mate- 
lial  00  the  larger  sizes  of  motors,  as,  for  instance,  a  40-h.p. 
Kiotor  pinion  has  a  5-in.  face  while  a  zoo-h.p.  motor  has  but 
S.^S-in.  face.  It  is  therefore  of  vital  importance  that  considera- 
tion be  given  to  pinion  material  being  of  quality  suitable  for  the 
higher  duty. 

Gear  lubricant  comes  under  the  following  heads:  A — Heavy 
"U  or  Fatty  Grease,  containing  no  graphite;  B — Adhe- 
sive Gear  Compound  (non-fatty);  C— Graphite  Grease.  Practice 
*t>uld  indicate  that  an  adhesive  gear  compound  (non-fatty)  is  in 
favor  with  nearly  all  the  larger  city  lines  and  nearly  all  tie  inter- 
titban  lines,  while  the  smaller  city  lines  usirig  small  motors  are  in 
'Ivor  oi  a  heavy  or  fatty  grease  or  a  graphite  grease.  This  is 
undoubtedly  due  to  conditions.     The  congealing  of  an  adhcNve  gear 
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compound  during  low  temperature  would,  no  doubt,  be  very  notice- 
able, especially  with  small  equipments,  where  car  houses  are  not 
heated.  This  would  also  have  a  tendency  to  show  up  in 
power  consumption  under  the  conditions  above  mentioned.  Under 
the  above  conditions,  both  "A"  and  "C"  have  the  advantage  in 
low  temperature,  but  during  the  warmer  months  there  is  little  or  no 
difference.  The  use  of  adhesive  gear  compound  containing  wpod 
pulp,  cork  chips  or  similar  substances,  tends  to  overcome  noise  to 
a  great  extent,  and  it  is  therefore  recommended  where  conditions 
are  favorable. 

In  city  service,  with  motors  of  50  h.p.  or  under,  where  the  "A"  or 
"  C  "  lubricant  is  used,  2  lb.  should  be  applied  to  each  gear  case  every 
30  days.  Under  similar  conditions  where  "  B  "  is  used,  i  pt.  should 
be  added  to  each  gear  case  every  15  days.  In  high-speed  service, 
with  motors  of  50  h.p.  or  more,  using  "A"  or  "C"  compound,  3  lb. 
should  be  applied  to  each  gear  case  every  30  days.  Under  similar 
conditions  where  the  "B"  compound  is  used,  iH  pt.  is  specified  to 
each  gear  case  every  30  days,  but  if,  on  inspection,  gear  and  pinion 
have  suflficient  lubrication,  none  need  be  applied.  The  function  of  a 
gear  lubricant  is  to  provide  a  thin  film  of  lubricant  on  the  pitch  line 
of  the  teeth,  so  that  the  metals  do  not  at  any  time  come  in  direct 
contact.  Since  a  satisfactory  gear  lubricant  reduces  friction,  its 
use  results  in  a  reduced  energy  consumption  and  a  reduced  main- 
tenance cost.  It  is  also  conducive  to  the  quiet  operation  desirable 
for  satisfactory  city  service.  The  proper  lubricant  should  be  an 
intermediate  between  what  is  commonly  termed  a  "short-gear 
grease"  and  which  is  nothing  more  or  less  than  a  hard  oil,  and 
a  sticky,  gummy  substance  which  calls  for  increased  power. 

Attention  is  called  to  the  fact  that  a  good  many  of  the  troubles 
for  which  gear  grease  is  blamed  are  due  to  loose  axle  bearings  and 
axle-bearing  collars.  Loose  axle  bea  rings  permit  the  gear  toiall  away 
from  the  pinion,  producing  poor  meshing  of  the  teeth  and  climbing 
of  the  pinion  on  the  gear,  and  the  consequent  establishing  of  a  new 
pitch  line  at  a  point  not  arranged  for  it  in  the  design  of  the  pinion. 
Badly  adjusted  and  neglected  collars  cause  the  pinion  and  gear  to 
work  out  of  line.  This  causes  them  to  wear  unevenly,  strike  gear 
pans  on  straight  track,  and  on  curves  to  run  on  the  points  not  in 
regular  contact,  thereby  making  an  objectionable  grinding  noise. 
These  are  points  which  no  gear  grease  can  be  expected  to  take  care 
of.  Where  adhesive  gear  compound  is  used  it  is  recommended 
that  it  be  applied  more  often  and  in  smaller  amounts  during  the 
winter  months,  the  idea  being  to  let  the  gear  just  come  in  contact 
with  the  grease  in  the  bottom  of  the  case.  Where  the  adhesive  gear 
compound  is  used  it  should  be  specified  that  the  material  remain 
reasonably  flexible  at  all  temperatures,  that  the  compound  shall  not 
dry  out,  become  lumpy  or  deposit  on  the  gear  case  in  the  shape  of  a 
hard    crust. 

Period  between  Times  of  Gear  Lubrication  in  PractiGe.  The 
following  table  is  from  data  given  in  the  report  of  the  Committee  on 
Electrical  Equipment,  A.E.R.E.A.,  1907: 
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Period  between  lubrication 

Inspect  week- 
ly, lubrica- 
tion when 
necessary 

I 

wk. 

10 

dy. 

2 

wk. 

I 

mo. 

6 
wk. 

2 

mo. 

3 

mo. 

Number  of  roads.             i 

6 

I 

4 

6 

2 

I 

2 

Amount  of  Gear  Lubricant  Consumed  in  Practice.  The  following 
table  is  made  up  of  data  from  the  statement  of  lubricating  material 
used  on  surface  cars  of  the  Brooklyn  Rapid  Transit  Company 
during  October  and  November,  igii,  Aera,  1912. 


Shops 


Month 


No. 
cars 


Total  gear 

or  motor 

mileage 


No.  of 

gears 

(total) 


Total 
pounds 

gear 
grease 


Gear 

grease, 
pounds 
per  case 


Gear 

grease, 

pounds 

per  1000 

gear 

miles 


Ridgewood. . . . 

Oct... 
Nov... 

346 
346 

EastN.  Y 

Oct... 
Nov... 

355 
355 

Maspeth 

Oct... 
Nov... 

240 
240 

S8th  Street 

Oct. . . 
Nov... 

216 
216 

NmthAve 

Oct... 
Nov... 

394 
394 

Platbush 

Oct... 
Nov... 

160 
160 

2,013,956 
2,039.132 

860 
860 

280 
350 

0.326 
0.407 

2,732,248 
2,688,530 

1,016 
1,016 

1.030 
73S 

1.013 
0.723 

1.504,998 
1,432,686 

608 
608 

510 
19S 

0.838 
0.32Z 

1,220,714 
1,183,988 

490 
490 

833 

814 

1.703 
1.660 

2,001,918 
1,962,606 

982 
982 

750 
814 

0.764 
0.830. 

1,179,278 
1,155.474 

420 
420 

1,190 
800 

2.83s 
1.905 

0.1395 
0.17IS 

0.3780 
0.2735 

0.340 
0.136s 

0.683 
0.690 

0.375 
0.416 

1. 018 
o .  696. 


Suspension  of  Motor  and  Transmission.  (See  also  pp.  579  and 
580.)  The  following  classification  and  illustrations  of  some  of  the 
methods  of  suspending  motors  and  transmitting  the  tractive  effort 
from  motor  to  driving  wheel  are  from  a  paper  "The  Design  of  the 
Electric  Locomotive"  by  Messrs.  N.  W.  Storer  and  G.  M.  Eaton, 
A.I.E.E.,  1 910: 

a.  Gearless  motor  with  armature  pressed  onto  driving  axle. 
"New  York  Central."    Fig.  87. 


Fig.  87. — New  York  Central  gearless  motor. 

h.  Gearless  motor  with  armature  carried  on  a  quill  surrounding 
axle,  and  driving  the  wheels  through  flexible  connections.  "New 
Haven  Passenger."    Fig.  88. 

c.  Geared  motor  with  bearings  directly  on  axle  and  with  nose 
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Fic  88. — New  Haven  gearlesB  m 


Fig.  89.— St.  Claii  tu 


i.  90- — New  Haven  geared  m 


91. — New  Haven  top  geared  motor. 


Fig.  93. — Peiuuylvaiua  geaileu  motoi  with  connecting  rods. 
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upportedon  sprinR-bome  parts  of  locomotive.    "St.  CliurTuimel." 
Fig.  89. 

if.  Geared  motor  with  bearings  on  a.  quill  surrounding  axle,  and 
(1)  nose  supported  on  ^»ring-borne  parts  of  machine  (New  Haven 
Cai,  Fig.  90)  and  (3)  motor,  rigidly  bolted  to  spiing-bome  parts  of 


Fic.  OS.— ViJtelHna  genrleaa  motors  with  Scotch  yoke. 


Fio.  96,— Geared  motors  with  Scotch  yoke. 
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machine,  the  quill  having  sufficient  clearance  for  axle  movements. 
"Four-motor  New  Haven  Freight."    Fig.  91. 

e.  Motor  mounted  rigidly  on  spring-borne  parts,  armature  rotat- 
ing at  same  rate  as  drivers,  power  transmitted  to  drivers  through 
cramks,  connecting  rods  and  countershaft  on  level  with  driver  axles. 
"Pennsylvania."    Fig.  92. 


it 


Fig.  97. — Nose  suspension  of  motor. 


/.  Motor  mounting  and  transmission  as  in  (e)  but  motor  fitted 
with  double  bearings  one  part  for  centering  motor  crank  axle  and 
the  other  for  centering  the  armature  quill  which  surrounds  and 
is  flexibly  connected  to  the  motor  crank  axle.  "Two-motor  New 
Haven  Freight."    Fig.  93. 


FRONT  VIEW  OP  CRADLE 

Fig.  98. — Cradle  suspension  of  motor. 

g.  Motors  moimted  on  spring-borne  parts,  armature  rotating 
at  same  rate  as  drivers,  power  transmitted  to  drivers  through 
offset  connecting  rods  and  side  rods.  Simplon  locomotives." 
Fig.  94. 
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k  Motors  mounted  on  spring-borne  parts,  armature  Rotating  at 
same  rate  as  drivers,  power  transmitted  to  drivers  through  Scotch 
yokes  and  side  rods.    ''Valtellina  Locomotives."    Fig.  95. 

j.  Motors  mounted  rigidly  on  spring-borne  parts,  power  trans- 
mitted through  gears  to  coimter  shafts,  thence  to  drivers  through 
Scotch  yokes  and  side  rods.    Fig.  96. 

Motor  Suspension  on  Cars.  Nose  suspension  (c.  above,  and 
Hgs.  89  and  97)  is  the  most  common  method  of  motor  suspension 
on  motor  cars.  Springs  in  the  motor  nose  suspension  lessen  shocks 
during  starting  or  sudden  changes  of  torque.  Approximately  60 
per  cent,  of  the  weight  of  the  motor  is  carried  directly  on  the  axles 
without  spring  support. 

Cra^  Suspension  (Fig.  p8).  The  total  weight  of  the  motor 
is  hung  by  lugs  on  eiUier  side  from  a  longitudinal  horizontal  bar 
which  at  the  back  end  is  spring  supported  from  lugs  on  the  arm 
which  carries  the  axle  bearing  and  at  the  front  end  by  a  cross  beam 
and  the  truck  frame.  This  type  of  suspension  is  seldom  used  at 
present. 

Twin  Motors  (Fig.  99).    Two  motors  of  equal  capacity  are 
mounted  above  each  axle.    Each  motor  is  provided  with  a  pinion 
and  the  two  pinions  of  the  pair  of  motors 
mesh  with  a  single  gear  which  is  mounted 
on  a  quill  surroimding  the  driving  axle. 
By  this  arrangement,  two  small  motors, 
each  having  twice  the  rotative  speed  of  one 
large  motor,  may  be  used;  therefore,  the 
pair  of  small  motors  has  practically  the 
same  number  of  electrical  parts  as  one  large 
motor  of  equivalent  capacitv.    Since  each 
motor  of  the  pair  is  about  half  the  diam- 
eter of  one  motor  of  capacity  equivalent 
to  that  of  the  pair,  the  pair  may  be  mounted  p.^.  99._Twin-motor 
on  a  hghter  frame  and  the  weight  of  the  suspension, 

end  housings  may  be  reduced.    The  width 

of  the  gear  required  on  each  axle  is  but  half  that  required  with 
one  large  motor  of  equivalent  capacity.  Thus  the  weight  of  the 
gear  is  reduced  and  a  longer,  more  economical  design  of  motor  is 
made  possible. 


SECTION  V 
CONTROLLING  APPARATUS 

ControUers  for  Series  Motors 

Rheostatic  CdntroL    Rheostatic  control  is  carried  out  entirely  by 
inaking  changes  in  the  resistance  of  the  motor  circuit  to  maintain 


he  desired  current  through  the  motor  during  acceleration.  In  this 
method  there  is  no  arrangement  for  series-paralleling.  Rheostatic 
control  may  be  used  with  equipments  of  one  or  more  motors,  but 
because  of  the  greater  energy  economy  secured  by  series-paralleling 
ia  two  or  four  motor  equipments,  the  use  of  rheostatic  control  is 
practically  limited  to  single-motor  equipments.  The  hand  controller 
commonly  used  to  make  the  necessary  connections  for  rheostatic 
control  is  generally  known  by  its  trade  name,  the  type  "-R"  con- 
troller. 

Series-parallel  ControL  The  series-parallel  method  of  control 
is  the  method  most  commonly  used  with  two-  and  four-motor  equip- 
ments. In  starting  a  two-motor  equipment  by  this  method  the  two 
i&otors  are  first  connected  in  series  and  in  series  with  the  control 
resistance,  then  the  control* resistance  is  reduced  by  steps  until 
the  motors  are  running  in  series  on  the  working  conductor  potential. 
Control  resistance  is  then  added  as  the  motors  are  connected 
in  parallel  after  which  the  control  resistance  is  reduced  by 
steps  imtil  the  motors  are  running  in  parallel  on  the  working  con- 
ductor potential.  Four-motor  equipments  are  usually  arranged  in 
two  groups  of  two  motors  permanently  connected  in  parallel  with 

«adi  other  and  these  two  groups  are  controlled  as  the  two  motors  of 

a  two-motor  equipment.  There  are  two  general  methods  of  making 
tire  transition  from  series  to  parallel  connections  in  series^parallel 
control,  one  opening  the  power  circuit,  while  the  other  leaves  it 
closed. 

Type  **K"  Controller.  (Figs,  i  and  2,  also  Figs.  3  to  10,  inclusive, 
which  are  from  "Electric  Car  Maintenance,"  by  Mr.  Walter  Jack- 
8oa.)  The  type  "jK"  controller  does  not  open  the  power  circuit 
during  transition  from  series  to  parallel.  This  type  of  controller 
is  in  most  common  use.  For  the  control  of  the  smaller  motors  the 
type  "if"  controller  is  arranged  to  cut  the  current  off  half  the 
motors  during  transition.  This  is  done  by  first  shunting  this  half, 
then  disconnecring  it  before  placing  the  halves  in  parallel.  For  the 
control  of  the  larger  motors  the  type  "/^"  controller  is  arranged  to 
jnaintain  the  current  in  all  the  motors  during  transition  (see  "  Bridg- 
ing Connections,"  p.  333). 

Type  "L"  Controller.  The  type  "L"  controller  opens  the  power 
circuit  during  transition  from  series  to  parallel  connections  of  the 
motors  (Fig.  11).    This  type  of  controller  is  little  used. 
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-  p  ,    .  ^  leener 

e  the  electncally  operated  brakes.     This  method  of 
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I  U    Rl     «l  ^°^'     "'*"■ 

r-^-tluWui/Uli — °-^ — &W-C 
r-J  ifiAnnnAni — ow — i>v,--g 
tJ  inAfuWinJ — o-" — lw^-g 
o*^-'  in/iJiAMni — o-« — ov^G 
|BtJ  tnAnjVUUu— o^^ — o.jj^g 
CT-'  irAnAJifinj — o^^^  c-a^g 
tJ  tuiWinjln) — ov^cUv^-c 
rJ  tniVjiAfiJinl— "- v^c'^vv-G 
r-i  ifiAnARftnJ — &v.^g  Lc>v»:^g 

T-J  ifuWui/lnJ — iw-'-gUv.^G 
Fio.  1.— Sequence  of  connections 
type, K  controller,    shunted    motor 


CONTROLLER  CIRCUITS 


335 


sequence  of  switch  operation  from  the  starting  of  the  motors  in 
series  and  in  series  with  the  full  starting  resistance  to  the  point 
at  which  the  motors  are  rimning  in  parallel  on  working  conductor 
potential.    The  circuits  during  this  process  are  diagrammatically 


"WnPdju    -RS    RS  M    Itf 
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Fig.  9. — Circuit  diagram,  K-ii  controller. 

explained  by  Fig.  13.    The  sequence  of  connections  for  the  "bridg- 
ing'' control  of  a  four-motor  equipment  is  shown  by  Fig.  14. 

Three-speed  Cootrol  System.  Fig.  15  shows  the  connections  of 
the  Jones  patent  control  system  used  on  the  Pittsburgh  low  floor 
cars.  This  control  provides  three  running  points,  one  full  series,  one 
series-parallel  and  one  parallel,  the  points  between,  where  there 
are  one  or  more  idle  motors,  being  simply  transition  points.    This 


Pig.  10. — Sequence  of  connections,  K-28-B  controller. 

arrangement  makes  possible  the  changing  of  the  motors  from  the 
full  series  to  full  parallel  relation  without  breaking  the  initial  series 
coimections  between  the  motors.  These  original  connections  are 
maintained  and  the  various  changes  effected  by  short-circuiting  one 
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point,  which  is  a  nu- 
niog  point,  to  the  neit  running  point,  which  is  the  sevaith,  b; 
firat  providiitg  connections  which  short-circuit  one  mDCor  and  ^ace 
one  atnofa  6oa  volts  in  parallel  with  the  other  two  in  seiies  with 
300  Tolts    across    each;     that    ^lort-ciicuiting    another    uotoc 


aspr'" 


with  the  other  two  opemting  in  parallel  across  600  volts;  and 
then  providing  the  ground  connecUon  for  the  two  short-drcnitnt 
motiws,  placing  all  Coue  in  parallel  across  boo  virits.  This  systen 
is  very  eSdoit  becMue  there  ia  no  external  resistance  in  the  mots* 
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Pig.  13. — Diagram 
of  bridging  method 
of  control. 
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circuit  beyond  the  first  controller  position.    It  thus  also  reduces 
the  weight  of  resistance  which  must  be  carried  on  the  car. 

Booster  Control  (Fig.  16).  From  descrip- 
tion by  Mr.  Charles^acquin,  Paris,  France,  of 
system  developed  chiefly  by  M.  Legouez  and 
nsed  by  the  Jeumont  Company.  M1M2  and 
Viffh  represent  the  armatures  and  fields  of  the 
ordinary  direct-current  traction  motor,  the  two 
umatures  being  permanently  operated  in  series 
ind  the  two  fields  being  permanently  connected 
in  series.  The  machines  Fi,  F2  and  Fz  repre- 
(ent  the  motor-generator  set,  the  functions  of 
»^hich  will  now  be  explained.  Fi  and  Ft  repre- 
Knt  a  booster  group  and  Ft  a  small  regenera- 
tion dynamo.  The  booster  group  itself  comprises  two  commu- 
tating  machines,  Fi  and  F2,  the  armatures  of  which  are  mounted 

mechanically  on  the 
same  shaft,  one  work- 
ing as  a  motor  and  the 
other  as  a  generator. 
The  functions  of  these 
machines  are  reversible, 
depending  upon  oper- 
atmg  conditions,  but  Fi 
is  always  connected  in 
series  with  the  traction 
motors  by  a  two-way 
switch  3.  By  means  of 
switch  4  the  armature  of 
Fi,     the     regeneration 

coils  of  the  traction 
motors.  This  machine 
serves  for  varying  the 
excitation  of  the  trac- 
tion motors.  The  ma- 
chine F2,  which  operates 
at  a  constant  speed, 
is  simply  a  compound 
d  y  n  a  m  o  connected 
across  the  line,  its 
shunt-exciting  circuit 
being  shown  as  Z>i,  and 
its  series  circuit  as  D2. 
The  regulating  genera- 
tor Fi  has  two  exciting 
circuits,  one  being  the 
circuit  H  which  receives 
a  constant  current  from 
the  line  X  and  the  other 
the  circuit  E  connected 


•-Tnnj'm}H:2:;>4jiJV  ks^^ 


A  tJ  tnnmif  t2:rfjvk:s::;iD-G 

I 


^^__^^^^^  Its  series 

^G.  14. — Sequence  of  connections,  bridging 
type  of  control. 
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in  shunt  witli  its  own  annature  and  tliat  of  madune  Fi.  The  re^- 
eration  dynamo  Ft  also  has  two  exciting  circuits,  one,  A ,  connectal 
directly  across  the  line  X  to  produce  a  constant  excitation,  the 
other,  B,  connected  in  parallel  with  the  armature  circuit  of  tlie 
regulating  dynamo  Fi  to  give  an  excitation  varying  in  direction  awl 


Y 


X — \ 


y^  (oV''QVfo"T''QV 


intensity  with  the  electromotive  force  of  this  machine;  thatistoW. 

the  excitation  of  F,  depends  upon  the  speed  of  the  traction  moloi^ 

In  starting  from  rest,  switch  i  is  closed  first,  the  reveraing  switch 

z  of  the  regulating  dj'niuno  being  in  the  proper  position.    Then 
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the  booster  group  is  brought  to  norma)  speed  with  the  small  rheostat, 
rhf  machine  F2  now  acting  as  a  motor.  Until  this  moment,  switch 
3  has  been  kept  open  to  avoid  excessive  current  in  the  main  motor 
circuit.  As  soon  as  the  booster  group  has  attained  its  normal  speed, 
switch  3  is  closed  according  to  the  direction  of  propulsion.  The  real 
starting  operations  follow  next.  At  first  the  electromotive  force  of 
machine  Fi  is  in  a  direction  to  subtract  from  the  main  line  voltage 
and  thereby  to  decrease  the  voltage  impressed  on  the  traction  motors 
Under  these  conditions,  Fi  operates  as  a  motor  and  drives  Fj  as 


Pig.  16. — Booster  control  system,  Paris. 

generator,  which  therefore  returns  energy  to  the  line  X,  Subse- 
quently, as  the  main  traction  motors  accelerate,  the  voltage  across 
"1  is  reduced  and  finally  reaches  zero,  under  which  condition  the  two 
t^tion  motors  operate  as  if  in  ordinary  series  connection,  receiving 
^e  full  line  voltage.  When  the  higher  speed  of  travel  is  reached, 
^ne  dynamo  F2  runs  as  a  motor  and  drives  Fi  as  a  generator  to  pro- 
duce an  electromotive  force  which  adds  to  that  of  the  line  until  the 
voltage  impressed  upon  each  traction  motor  is  equivalent  to  that 
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obtained  during  ordinary  parallel  connection.  By  this  method, 
acceleration  is  obtained  without  waste  of  energy  or  discomfort 
to  passengers.  The  reverse  of  the  forgoing  movements  occurs 
during  retardation,  the  switch  2  being  reversed,  thereby  altering 
Uie  excitation  of  machine  Fi,  varying  the  electromotive  force  im- 
pressed upon  the  traction  motors  and  causing  energy  to  be  returned 
to  the  line. 

Resistance  Connections.  There  are  two  general  methods  of  con- 
necting control  resistance  in  the  motor  circuit,  the  series  method  and 
the  parallel  method.  In  the  series  method  (Fig.  17)  aU  the  resist- 
ance is  connected  in  series  at  the  beginning  and  it  is  cut  out  of  the 
circuit  by  short-circuiting  sections  of  it,  progressively.  By  this 
method  much  radiating  surface  is  made  available  during  starting. 
In  the  parallel  method  (Fig.  18)  the  resistance  in  circuit  is  reduo^l 
by  adding  resistor  sections  in  parallel,  progressively,  to  the  sections 
akeady  in  circuit,  thus  reducing  the  total  resistance  of  the  circuit 
and  finally  short-circuiting  all  the  resistance.  This  requires  smaller 
switches  than  the  series  method.  (See  Figs.  27-29  inc.,  for  instances 
of  the  combination  of  these  two  methods.) 

KaaKaaK/saKaa)'  i  U^A-►J 

.  ^       ^^. ^  Seqaence  of  connections^ 

Sequence  of  connections^  Olose  a- 

Close  a^c,^^  \  consecntiwly  OloseJl^c.d,^.! .  consecuJa»ly 

Pig.  17. — Series  method  of  con-  Pig.  18. — ^Parallel  method 

necting  control  resistance.  of    connecting    control    re- 

sistance. 

Controller  Rating.  The  rating  of  a  controller  is  based  upon  the 
combined  nominal  i-hour  power  rating  (see  page  221)  of  the 
motors  it  is  to  control.  This  rating  is  generally  given  for  a 
certain  voltage  and  for  a  voltage  variation  from  this  value,  but 
within  the  insulation  and  arc-breaking  capacity  of  the  controller, 
the  horse-power  capacity  of  the  controller  will  vary  approximately 
as  the  voltage. 

Reversing  Series  Motors.  The  direction  of  rotation  of  a  series 
motor  may  be  reversed  by  inverting  the  relation  of  the  direction 
of  the  current  in  the  armature  to  the  direction  Of  the  current  in  the 
field.  This  may  be  done  by  reversing  the  coimections  to  the  arma- 
ture or  by  reversing  the  connections  to  the  field.  Older  types  of 
controllers  were  arranged  to  reverse  the  connections  to  the  brushes, 
but  controllers  for  use  with  commutating  pole  (interpole)  motors 
are  arranged  to  reverse  the  connections  to  the  field  and  leave  the 
interpole  winding  permanently  connected  between  armature  and 
ground,  thus  securing  minimum  insulation  strains  on  the  inter- 

Cole  winding.     ControUers  built  to  reverse  the  connections  to  the 
rushes  can  be  arranged  to  reverse  the  connections  to  the  field. 
Commercial  Drum  Type  Controllers.    Except  where  noted,  the 
following  controller  data  are  for  both  General  Electric  and  Westing- 
house  controllers. 
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Type 

No. 

of 

motors 

Total 

h.p. 

500  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

K-6-A 

2  or  4 

160 

6  series 
5  parallel 

270 

Superseded  by  K-38-B. 

K-6-H 

2  or  4 

160 

6  series 
5  parallel 

270 

Has  auxiliary  contacts  for 
operating  contactors, 
otherwise  as  K-6-A, 
superseded  by  K-28-J. 

K-io-A 

2 

80 

5  series 
4  parallel 

210 

Standard. 

K-io-H 

2 

80 

5  series 
4  parallel 

210 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-io-A. 

S-3 

2 

80  to  100 

6  series 
4  parallel 

Allis  Chalmers. 

K-ii-A 

2 

120 

S  series 
4  parallel 

225 

Standard.  Similar  to  K- 
10- A,  but  with  fingers, 
wiring  and  blowout  of 
greater  capacity. 

K-ii-H 

2 

120 

5  series 
4  parallel 

225 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-ii-A. 

K-ia-A 

4 

120 

5  series 
4  parallel 

220 

Standard.  Similar  to  K- 
ii-A  but  with  a  reverse 
switch  for  four  motors. 

K-I2-D 

4 

120 

S  series 
4  parallel 

220 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-ia-A. 

K-I3-A 

3 

250 

7  series 
6  parallel 

S16 

Superseded  by  K-34-D  or 
K-3S-G,  according  to 
capacity  required. 

K-14-A 

4 

240 

7  series 
6  parallel 

5S0 

Superseded  by  K-34-D  or 
JC-3S-G,  accordmg  to 
capacity  required. 

K-14-E 

4 

240 

7  series 
6  parallel 

S50 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-14-A. 

K-27-A 

2 

120 

4  series 
4  parallel 

225 

Standard  for  metallic  re- 
turn.   Supersedes  the  K-8. 

S-4 

4 

160 

6  series 
4  parallel 

Allis  Chalmers 

K-28-B 

4 

160 

5  series 
5  parallel 

239 

Standard. 

K-28-P 

4 

160 

S  series 
5  parallel 

239 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-28-B. 

K-29-A 

4 

160 

6  series 
5  parallel 

265 

Standard  for  metallic  re- 
turn. 

K-2^B 

4 

160 

6  series 
5  parallel 

265 

Has  auxiliary  contacts  for 
operating        contactors. 
Otherwise  as  K-29-A. 
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Type 

No. 

of 

motors 

Total 

h.p. 

soo  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

K-3I-A 

4 

120 

4  series 
4  parallel 

230 

Standard  for  metallic  cir- 
cuit. Similar  to  K-27  but 
with  a  reverse  switch  for 
four  motors. 

K-32-A 

2 

80 

4  series 
4  parallel 

220 

Standard  for  metallic  cir- 
cuit. Similar  to  K-27  but 
with  fingers,  blowout  and 
wiring  m  less  capacity. 

K-34-D 

3  or  4 

300 

6 /series 
4  parallel 

440 

Standard  for  railway 
equipments  of  this  capac- 
ity. Supersedes  K-34-A. 
K-34-B  and  K-34-C. 

K-34-P 

3  or  4 

300 

6  series 
4  parallel 

440 

Similar  to  K-34-:D,  with 
addition  of  auxiliary  con- 
tacts for  operating  con- 
tactors. 

S-2 

4 

300 

7  series 
5  parallel 

Allis  Chalmers. 

K-3S-G 

2  or  4 

200 

5  series 
3  parallel 

267 

Standard  for  railway 
equipments  of  this  capac- 
ity. Supersedes  K-3S-A. 
K-3S-Crand  K-35-D. 

K-35-H 

2  or  4 

200 

5  series 

4  parallel 

267 

Similar  to  K-35-G  with 
addition  of  auxiliary  con- 
tacts for  operating  con- 
tactor. Supersedes  K- 
35-B. 

K-3S-M 

2  or  4 

200 

5  series 
4  parallel 

267 

Similar  to  K-35-G  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-36-B 

2 

120 

4  series 
4  parallel 

220 

Standard       for       raflwr 
equipments  of  this  cap«c* 
ity.    Supersedes  K-36-A- 

K-36-C 

2 

120 

4  series 
4  parallel 

220 

Similar  to  K-36-B  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-36-G 

2 

120 

4  series 
4  parallel 

225 

Standard.  One  motor  open 
circuited  in  transition. 

K-36-H 

2 

120 

4  series 
4  parallel 

225 

Similar  to  K-36-G  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-3»-B 

2  or  4 

300 

6  series 
5  parallel 

455 

Standard  for  railway 
equipments  of  this  capac- 
ity with  metallic  retufl»- 
Similar  to  K-34-D»  ^^ 
arranged  for  metallic  re- 
turn.  Supersedes  K-30-A- 

K-38-D 

2  or  4 

300 

6  series 
4  parallel 

440 

Standard  for  metallic  re- 
turn. One-half  motors 
open  circuited  in  transi- 
tion. 

K-39-A 

2 

Z20 

4  series 
4  parallel 

225 

Standard  for  raii^^y 
equipments  of  this  capac- 
ity with  metallic  return. 
Similar  to  K-36-B,  but 
arranged  for  metallic  re- 
turn. 

CONTROLLER  DATA 
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Type 


Number 

of 
motors 


Total 

h.p. 

500  volts 


Number 

of 
points 


Approx. 

net.  wt. 

in  lb. 


Remarks 


K-39-B 


Ja-40-A 


S-i 

K-44-A 

L-2-A 


2  or  4 


2  or  4 


L-3-A 
L-4-A 

L-4-E 

L-4-C 


I.-14-A 


K-42-A 


K-42-B 


R-200 


4 
4 


120 


aoo 


200  to  240 


400 


3S0 


600 
400 

400 

400 


500 


Total 

h.p. 

1200  volts 


200 


200 


100 


4  senes 
4  parallel 


5  senes 
3  parallel 


7  senes 
5  parallel 

7  series 
5  parallel 

4  series 
4  parallel 


8  series 
8  parallel 

4  series 
4  parallel 


4  senes 
4  parallel 


4  senes 
4  parallel 


7  senes 
6  parallel 


6  series 
5  parallel 


6  series 
5  parallel 


6  series 


229 


280 


622 
640 


982 

787 

770 
770 


850 


400 


400 


350 


Standard  for  metallic  re- 
turn. One  motor  open 
circuited  in  transition. 

Standard  for  railway 
equipments  of  this  capac- 
ity with  metallic  return. 
Similar  to  K-3S-D,  but 
arranged  for  metallic  re- 
turn. 

Allis  Chalmers. 


Standard.  Bridge  transi- 
tion. 

Standard  for  railway 
equipments  of  this  capac- 
ity. Reverses  motor  ar- 
matures. Must  be  rewired 
for  interpole  motors. 


Superseded  by  K-34  or 
lL-44  according  to  capac- 
ity required. 

Standard  for  railway 
equipments  of  this  capac- 
ity. 

Similar  to  Lr-4-E  but  has 
auxiliary  coAtacts  for  con- 
tactor device.  Reverses 
motor  armatures.  Must 
be  rewired  for  use  with 
interpole  motors. 

Standard  for  railway 
equipments  of  this  capac- 
ity. Reverses  motor  ar- 
matures. Must  be  rewired 
for  use  with  interpole 
motors. 


Standard.  One  motor  open 
circuited  in  transition. 
Maximum  line  voltage 
1300. 

Has  auxiliary  contacts  for 
operating  contactors. 

Otherwise  as  K-42-A. 
Maximum  line  voltage 
1300. 

For  two  50-h.p;,  600- volt 
motors  in  senes.  Maxi- 
mtun  line  voltage  1300. 
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Electric  Braking  Controllers 


Type 

Num- 
ber of 
motors 

Total 

h.p. 

soo  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

B-6-A 

4 

120 

4  series 
4  parallel 
4  Draking 

33S 

B-8-B 

4 

240 

6  series 

5  parallel 

7  braking 

670 

Has  separate  brake  handle. 

B-18-A 

2 

80 

4  series 
i  parallel 
6  braking 

275 

B-ii^-A 

4 

160 

5  series 

4  parallel 

6  braking 

430 

Has  separate  brake  handle. 

B-23-A 

2 

120 

5  series 
4  parallel 
7  Draking 

3SO 

Standard  for  two  60-h.p. 
motors  or  less. 

B-23-D 

2 

120 

5  series 
4  parallel 
7  braking 

3SO 

Standard. 

B-3S-A 

2 

100 

4  series 
4  parallel 
6  Draking 

980 

B-so-A 

4 

200 

5  series 
4  parallel 
9  nrftking 

550 

Standard  for  four  50-h.p. 
motors     or     less.      Has 

modem  CotiAtrurrtinn  mmi- 

lar  to  K-3S-D.  For  75© 
volts  maximum. 

B-si-A 

2 

200 

5  series 
4  parallel 
9  braking 

550 

Standard  for  two  zoo-h.p. 
motors.  Similar  to  B-so. 
but  arranged  for  two 
motors.  For  750  volts 
maximum. 

Rheostatic  Controllers 


Type 

Number 
handles 

Number 
points 

Number 
motors 

H.p.  each 

motor 
500  volts 

Remarks 

R-^A 

R-17-A 

R-19-A 

I 
2 

8 
6 
6 
S 
9 
S 
9 
13 
S 
6 
6 
6 
6 

X 

I 
2 
2 
I 
z 
I 
I 
2 
2 
2 
3 
4 

200 
SO 
SO 

SO 

75 
SO 

TOO 
200 

SO 

100 

160 

80 
80 

Westinghouae. 
Westinghouae. 

R-22-A 

R-27-A 

R-28-A 

R-32-A 

R-84-A 

R-86-A 

R-109-A 

R-112-A 

R-113-A 

R-114-A 

2 
I 

I 
I 

I 
2 

2 
2 
2 

Westinghouae. 
Westinghouae. 
Westinghouae. 
Westinghouae. 
Westinghouae. 
Westinghouse. 
Westinghouae. 
Westinghouae. 
Westinghouae. 
Westinghouae. 

CONTROL  CURRENT  FLUCTUATIONS 


U6 


Cnmnt  Phictuatioiis  during  Stral^t  Line  Acceleration  PerkHL 
When  resbtance  is  cut  out  of  the  motor  drcuit  in  passing  from  one 
cwtioller  p(»nt  to  the  next,  there  is  a  sudden  increase  in  current 
uxompanied  by  an  increase  of  tractive  effort  which  produces  a 
ndden  increase  in  rate  of  acceleration.  This  increase  in  rate  of 
JKceleration  is  evidenced  by  a  jerk  whose  violence  depends  upon  the 
nugnitude  of  current  fluctuation,  train  resistance  and  inertia  and 
\6k  tractive  effort  characteristic  of  the  motor.  An  excessive  in- 
orase  in  rate  of  acceleration  may  cause  discomfort  to  the  pasaengera, 
tttay  produce  too  great  mechanical  strains  iu  the  trucks,  draw  bars, 
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|5Ma  or  links,  or  the  drivine  wheels  may  be  slipped.  The  increase 
i"  'ate  of  acceleration  should  not  exceed  o.6  mile  per  hour  per  second 
™  passenger  service.  For  usual  conditions  of  city  service  the  value 
"•ttarinjum  current  during  the  straight  line  acceleration  period  may 
■JlJ^ken  at  about  lo  per  cent. above  the  average;thus  the  minimum 
*J^  «  the  same  amount  below  the  average,  making  the  total  cur- 
'™i  fluctuation  atwut  as  per  cent.    Smaller  fluctuations  are  used 
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in  heavier  service.  In  freight  locomotive  operation  the  fluctuation 
of  the  draw-bar  pull  should  not  be  greater  than  15  per  ceat  The 
degree  of  perfection  to  which  the  acceleration  of  a  train  is  aaxm- 
(Jished  depends  upon  the  number  of  steps  into  which  the  sUltinfl 
resistance  is  divided,  the  proportioning  of  these  steps  and  the  speed 
and  degree  of  uniformity  with  which  the  steps  are  cut  out  The 
proportioning  of  the  steps  demands  a  study  of  equipment  and  coodi- 
lions.  The  speed  and  degree  of  uniformity  with  which  the  steps 
e  cared  fof 


ically  in  the  case 
matic  multiple- . 
umt  control,  but  iu  tbe 
case  of  hand-operated  j 
control,  except  wbeie ' 
auxiliary  regulating  de- 
vice is  attached  to  the 
controller,  they  depend 
upon  the  skill  and  pains- 
taking efforts  of  the  mo- 
totman. 

Calciilation  of  Retist' 
ancM  and  SesiBtuce 
Steps  for  the  Contnd  of 
Direct-current  Hoton. ' 
Following  is  a  method  0/ 
approximating  the  re^- 
ance  steps  for  the  coatiol 
of  direct-current  series 
motors. 

Rheoslatic  Contrd  ttd 
Seria  Portion  of  Sffw 
ParoM  Control.  Fi& 
19  and  30  are  for  the  <» 
culatian  of  both  ihco- 
static  contri^  and  ll>' 
control  during  the  seria 
acceleration  period  01 
series-parallel  control 
These  curves  are  based] 
on  the  assumption  that  the  per  cent,  increase  in  counter  electromo- 
tive force  due  to  increase  in  current  in  motor  fields  is  equal  to  oM- 
half  the  per  cent,  increase  in  this  current.  This  assumption  may  be 
made  without  causing  material  error  in  practical  results  orditurOT 
required  in  the  calculation  of  resistance  steps  for  electric  railwsT 
work.  These  curves  are  used  in  the  arrangement  of  resistance  _fo( 
entire  theostatic  control  just  as  they  are  used  in  arranging  the  reast- 
ance  for  the  series  portion  of  the  series-parallel  control;  therefore,  the 
explanation  of  the  method  of  using  the  curves  for  the  series  portion 
oE  series-parallel  control,  as  given  by  the  example  on  p.  348,  will  aho 
serve  to  snow  how  the  curves  are  used  for  entire  rheoslatic  control. 

Parailel  Portion  of  Series-paraUel  Control.    Formulas  for  the  ap- 
proximation of  resistance  steps  in  parallel  straight  line  acceleration: 
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Significance  of  symbols  in  the  following  formulas: 

A  =  counter  electromotive  force  of  each  motor  at  completion  of 
series  straight  line  acceleration  at  instant  controller  is  moved 
from  the  last  series  straight  line  acceleration  point,  volts 

'■I 

B  —  motor  counter  electromotive  force 

C  =  motor    counter   electromotive   force    at   instant    controller 

breaks  contact  at  a  point 
D  =  combined  counter  electromotive  force  of  motors  as  connected 

for  parallel  operation  at  instant  controller  makes  contact  at 

first  parallel  point 

So  long  as  the  motor  fields  are  operating  at  less  than  full  satura- 
tion, B  will  be  greater  than  C  because  the  current  through  the 
fields  when  the  controller  makes  contact  at  a  point  is  greater  than 
the  current  through  the  fields  when  the  controUer  breaks  contact  at 
the  preceding  point.  The  values  of  h  may  be  taken  from  the  satura- 
tion curve  for  the  motor.  Where,  during  straight  line  acceleration, 
a  conunercial  motor  is  operated  at  an  average  current  approximately 
equal  to  that  of  the  i-hour  rating  of  the  motor,  the  assump- 
tion that  the  per  cent,  of  increase  from  C  to  5  is  equal  to  hsilf 
the  per  cent,  of  increase  of  current  may  be  made  without  causing 
material  error  in  practical  results  ordinarily  required.  Such  an 
assumption  permits  the  following  convenient  approximate  value: 


'-(■^VO 


N  »  current  at  instant  controller  makes  contact  at  any  point, 

amperes 
P  —  current  at  instant  controUer  breaks  contact  at  point, 

amperes 
Q  —  current  at  instant  controller  breaks  contact  at  last  series 

point,  amperes 
E  =  total  applied  electromotive  force,  volts 
Ri  »  total  resistance  of  motors  in  series  connection,  external 

resistance  cut  out,  ohms 
n  =  number  of  motors  in  series  across  total  applied  electro- 
motive force  in  series  position  of  controller 
Ri  s  combined  resistance  of  motors  in  parallel  connection, 

external  resistance  cut  out,  ohms 
Rt  =  necessary  total  resistance  of  circuit  at  first  point  in 

parallel    straight    line    acceleration    (including    motor 

resistance),  ohms 
fi  =*  external  resistance  which  must  be  placed  in  series  with 

motors  at  first  point  in  parallel  straight  line  acceleration 
{^i  —  fi),  (fa  —  Ti),  etc.  =  resistance  which  must  be  cut  out  in 

passing  from  points  (i  to  3),  (2  to  3), 
etc.,  respectively 

P 
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h{E-  RrP) 

A  —  

n 

R    -  ^ 

r    -   ^-^         R 

fi  -  fa  =  -^(i  -  a)  -  -^(i  -  ah) 

r2  —  fi  =  ab(ri  —  rO 
fs  —  r4  =  ab{r2  —  rs) 
fA  —  fi  =  ab{rs  —  Ta) 

fi  -  ft  ==  abifA  —  fft)     - 

Example:  Calculation  of  resistance  steps  for  the  series-parallel 
control  of  four  6o-h.p.  500-volt  direct-current  series  motors 
having  a  resistance  of  0.42  ohm  each.  The  steps  are  to  be  so 
arranged  that  the  maximum  current  during  straight  Une  accelera- 
tion shaU  not  exceed  the  average  current  during  that  period  by 
more  than  10  per  cent.  The  average  current  per  motor  required 
during  straight  line  acceleration  is  100  amperes. 

Resistance  of  set  of  four  motors  arranged  for  series  acceleration, 
two  in  series  and  two  in  paraUel  =  0.42  ohm, 

total  average  current  =  200  amperes 
assuming  that  the  maximum  current  during  straight  line  accelera- 
tion is  10  per  cent,  greater  than  the  averagie  current; 
maximimi  current  during  acceleration  in  series  =»  220  amperes, 

total  resistance  (including  motors)  necessary  at  beginning  =  -— 

=  2.273  ohms,  relation  of  motor  resistance  to  total  resistance  at 

,     .     .  0.42  X  100        - 

begmmng  =  — =18.5  per  cent. 

2.273 

Referring  to  Fig.  19,  the  vertical  through  the  "rdalion  oj 
motor  resistance  to  total  resistance  at  beginning*^  of  18.5  per  cent. 
intersects  the  horizontal  through  the  "relation  of  difference  between 
maximum  current  and  average  current  during  straight  line  accelera- 
tion period  to  average  current  during  that  period"  at  10  per  cent.,  on 
the  "6-point"  curve.  This  indicates  that  the  controller  should 
have  six  points  for  series  acceleration.  Now  (Fig.  20)  following  the 
vertical  through  the  "relation  of  difference  between  maximum  current 
and  average  current  during  straight  line  acceleration  period  to  average 
current  during  that  period ^ "  10  per  cent.,  intersections  with  the  curves 
show  that  the  "per  cent,  of  total  resistance  cut  out  in  passing  frow 
one  point  to  the  next*'  should  be  as  given  in  the  second  column  of 
the  following  table: 

Resistance 

Interval  Per  cent,  of  total  Ohms 

Point  I  to  point  2 20. o  o . 45 

Point  2  to  point  3 18.0  0.41 

Point  3  to  point  4 16. 2  0.37 

Point  4  to  point  5 14. S  0.33 

Point  s  to  point  6 13.  i  0.30 

Resistance  of  motors 18.5  o .  42 
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Multiplying  the  total  resistance  in  circuit  at  beginning,  3- 273, 
by  each  of  these  per  cents,  gives  the  values  in  the  third  column  for 
the  number  of  ohms  which  should  be  cut  out  in  passing  from  point 
to  point. 

If,  in  using  Fig.  19,  the  vertical  through  18.5  per  cent,  and  the 
horizontal  through  10  per  cent,  had  not  intersected  on,  or  very 
near,  one  of  the  diagonal  curves,  the  value,  10  per  cent.,  for  the 
"relation  of  difference  between  maximum  current  and  average 
current  ..."  should  be  changed  by  trial  to  a  value  at  which  the 
corresponding  value  of  the  "relation  of  motor  resistance  to  total 
resistance  at  beginning"  is  such  that  the  horizontal  and  vertical 
through  these  respective  points  intersect  on,  or  very  near,  a 
diagonal. 

Parallel  Straight  Line  Acceleration.  Assuming,  as  in  the  case  of 
series  straight  line  acceleration  just  considered,  that  the  maximum 
current  during  parallel  straight  line  acceleration  will  exceed  the 
average  current  during  parallel  straight  line  acceleration  by  10 
per  cent. 


3=(i+^ 


=     1  + 


2/> 
440  -  360 


A  = 


720 
=  I. II 

b(E  -  RiQ) 


) 


n 
I. II  [500— (0.42  X  180)] 


2 
=  236  volts  per  motor 

I  =  Soo  -  236  _ 

440 
'  =  0.495  ohm 

I  ^  5oo^i£i(,  _  ^,8x8)  -  ^(i  -  0.818  X  i.ii) 

440  ,  440 

=  0.180  ohm 
^i-  Ts  =  ahixi  —  ri) 
=0.91  X0.180 
=0.164  ohm 
^t-  fi  =  ab(r2  —  rz) 
=0.91  X  0.164 
=  0.149  ohm 
i^i  -  ft)  -\-  (f2  —  ft)  +  (rs  —  fO  =0.180  +0.164  +0.149  =  0.493 

ohm. 
iWhich  is  nearly  equal  to  the  value  ri  =  0.495  determined  above. 
This  indicates   that   by  using  a   controller  having  four  parallel 
points   and    having  the  parallel  steps  of    resistances  (ri  —  f2). 
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(ft  —  fi)  and  (fi  —  u),  re?pectively,  calculated  above,  the  maxi- 
mum vaiue  of  current  during  parall^  straight  line  acceleration  will 
be  approximately  lo  per  cent,  above  the  average  current  during 
paraUel  straight  line  acceleration. 

If  one  more  resbtance  step,  namely  (r4  —  r s),  had  been  determined 
and  it  was  found  that  (ri  —  r j)  -f  (ft  —  r»)  4-  (ft  —  ^'4)  +  (^4  —  u) 
=  Tu  approximately,  this  would  indicate  that  a  controller  having 
five  parallel  points  should  be  used.  If  the  value  of  (fi  —  rs)  + 
(f J  —  f»)  -\-  etc.  differs  materially  from  the  value  determined,  for 
fi,  then  a  new  calculation  should  be  made  starting  with  another 
permissible  value  of  per  cent,  by  which  the  mayimum  value  of  cur- 
rent during  parallel  straight  line  acceleration  exceeds  the  average 
current  during  parallel  straight  line  acceleration. 

The  energy  dissipated  in  the  resistor  causes  a  rise  in  temperature 
of  the  latter.  The  extent  of  such  rise  will  depend  upon  the  material, 
design  and  radiation  conditions  of  the  resistor  and  the  intensity, 
duration  and  frequency  of  application  of  load  upon  the  resistor. 
The  resistance  of  the  resistor  at  any  instant  will  depend  upon  its 
temperature  and  material.  For  cast-iron  resistors  an  increase  of 
at  least  10  per  cent,  above  the  cold  resistance  may  be  expected. 
The  temperature  coefficient  of  resistance  of  a  cast-iron  resistor  grid 
is  approximately  0.0008  per  degree  C.  The  temperature  coefficient 
of  resistance  of  an  iron  alloy  resistor  grid  is  approximately  0.0004 
per  degree  C.  It  is  common  practice  in  the  manufacture  of  resistor 
grids  to  allow  a  variation  of  the  resistance  within  the  limits  5  per 
cent,  above  and  below  the  rating. 

Westinghouse  8-in.  Cast-ixon  Resistor  Grids 


Style 

Pattern 

Resistance, 
ohms 

Capacity.  • 
amperes 

46,029 
46,030 
46,033 

N  3.357 

.     N  3.215 

N  3.214 

0.015 
0.020 
0.030 

100. 0 

86.5 
70.8 

46.033 
46,034 
46,035 

N  3.315 
N  3,213. 
N  3.354 

0.040 
0.050 
0.060 

67.  a 

54.8 
50.0 

46.036 
46,037 
46,083 

N  3.212 

N  3.353 
N  3,211 

0.070 
0.080 

O.IOO 

46.3 
43.3 
38.7 

*  Continuous  capacity  for  240  deg.  C.  rise. 

General  Electric  Cast-iron  R.G.  Grids 


Resistance  per 
grid  at  25  deg.  C. 

Capacity,  amperes 

Size  number  of 
grids 

Continuous  at 
175  deg.  C.  rise 

Intermittent  (10 
sec.  on;  20  sec.  off) 
at  250  deg.  C.  rise 

I 
3 
5 

I 

10 
12 

O.OI 

0.015 
0.022 

0.033 
0.05 
0.05 
0.075 

80 
70 
60 
50 
40 
35 
30 

160 

140 

120 

100 

80 

70 

60 
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The  intermittent  current  canying  capacity  depends  upon  the 
particular  grid,  tlie  service  and  the  length  of  time  the  current 
flows.  The  grids  listed  in  the  above  table  will  safely  carry  five 
times  their  rated  continuous  current  for  a  period  of  30  seconds 
when  starting  cold. 

,  Installation  of  Grid  Resistors.  Fig.  21  shows  a  method  of 
installing  grid  resistors  presented  by  Mr.  R.  H.  Parsons.  Fig. 
21  represents  a  set  of  three-box  resistors,  suspended  with  iron 
hangers  from  the  car  floor  or  framework  to  which  are  fastened  two 
wooden  hangers  covered  with  asbestos  limiber.    A  sheet  of  H-in. 
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At  Icut  tye  batwwa  Bwlston 

Pig.  21. — Installation  of  grid  resistors. 

asbestos  lumber  is  placed  below  the  wooden  hangers,  and  the  grids 
are  attached  tmder  the  asbestos  by  bolts  through  the  wooden 
Angers.  Care  should  be  exercised  to  allow  sufficient  space  between 
the  grids  and  between  the  two  outside  grids  and  the  iron  hangers. 
The  iron  hangers  should  be  grounded.  The  resistors  and  their 
conduit  connections  are  shown.  It  will  be  noted  that  the  wires 
ve  separated  as  they  leave  the  fiber  cover  of  the  condulet  and 
that  tney  touch  nothing  until  they  reach  the  terminal  of  the  grid. 
^&  a  rubber  bushing  lines  the  fiber  outlet  to  the  condulet,  it  is  safe 
from  grounds  and  short  circuits. 

Asriliaiy  Contactor  Eqtupment  The  auxiliary  contactor  equip- 
ment is  applied  to  the  hand  controller  and  is  arranged  to  break  the 
power  circuit  beneath  the  car  rather  than  within  the  controller. 
^.  22  and  23  show  the  connections  of  this  equipment.  The  con- 
troller is  provided  with  an  auxiliary  contact  device  at  the  base  of 
the  main  cylinder.  It  consists  of  two  contact  fingers  which  are 
^ated  by  a  pivoted  arm  and  a  projection  on  the  fiber  disk  at  the 
bottom  of  the  cylinder.  The  fingers  are  normally  held  open  at  the 
off  position  by  the  projection.  On  turning  the  controller  cylinder, 
the  main  operating  fingers  make  contact,  and  then  the  projection 
on  the  disk  disengages,  allowing  the  auxiliary  fingers  to  close.  A 
'Q^gnetic  blowout  is  provided  in  the  device  to  extinguish  the  arc 
^ben  the  fingers  open  to  the  off  position.  One  of  these  fingers  is 
connected  to  the  operating  cc»ls  of  two  standard  contactors  operat- 
ing in  series,  the  other  through  a  switch  and  fuse  to  trdley.  The 
iBain  circuit  after  passing  through  a  protective  device,  such  as  switch 
Itod  fuse  or  circmt-breaker,  connects  to  the  contactors,  then  to  the 
controller  and  thus  to  motors.  A  projection  may  also  be  provided 
Ml  the  disk  to  open  the  contactors  in  passing  from  series  to  parallel. 
It  will  readily  be  seen  that  with  this  arrangement  all  heavy  ardng 
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occuts  in  the  contactors  and  not  in  the  controller.  The  two  con- 
tactors, with  resistance  tubes  which  are  placed  in  series  with  the 
operating  coils,  are  mounted  in  a  sheet-iion  box  located  under  tlie 
car.  A  further  development  of  thU  system  is  in  using  the  contactors 
as  circuit-breakers.  This  is  accomplished  by  the  use  of  an  auxiliary 
circuit-br^er  the  tripping  coil  ct  which  is  in  Che  trolley  dicuit, 
and  the  contacts  in  the  circuit  feeding  the  contactor  coils.  This 
auxiliary  drcuit-breaker  can  be  set  to  trip  at  any  predetermined 
current  between  certain  limits.  When  the  current  reaches  the  pre- 
determined point,  the  tripfung  coil  pulls  in  the  armature  and  opens 


Fic.  1 


the  switch,  thus  breaking  the  contactor  operating  circuit  and  open- 
ing the  contactors.  The  switch  can  also  be  tripped  by  throwing 
the  handle  to  the  oS  posirion. 

Advantages  of  Power-opented  ControL     Following  are  son 
the  advantages  of   power-operated    control.     These  are   secured 
with  simplicity,  reliability  and  low  maintenance  cost. 

(i)  Multiple-unit  operation  is  made  practicable.  Thus  thi 
motive  power  may  be  distributed  in  small  units  without  loss  o 
efficiency  and  since  all  the  wheels  may  thus  be  made  driving  wheels 
a  maximum  tractive  effort  is  made  possible.  A  maximum  close- 
ness of  speed  adjustment  is  secured  and  strains  on  mechanical 
transmission  and  draft  gear  are  reduced  to  a  minimum. 

(»)  All  circuit-breakers  and  other  controlling  devices  which  carry 
the  main  motor  current  are  removed  from  the  platform  and  placed 
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beuealli  the  car.  This  reduces  the  posEibility  of  danger  to 
passengers  and  stimulates  more  careful  manipulation  of  the 
conirol.    Platform  weight  and  space  economy  are  effected. 


fi)   Switches  are  operated  with   heavy   contact   pressure  and 
reliable  overload  protection  is  secured. 
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Multiple-tinit  Control 

The  multiple-unit  type  of  control  was  brought  out  primarily  for 
the  control  of  motors  in  a  service  requiring  that  cars  be  operated 
singly  or  several  cars  coupled  together  in  a  train  and  operated 
simultaneously.  When  several  cars  are  coupled  together  in  a 
train,  the  train  connections  are  so  arranged  that  the  motors  on  all 
of  the  cars  may  be  controlled  from  either  end  of  any  car  by  a  single 
operator,  the  cars  being  coupled  in  any  desired  relation  and  with 
either  end  of  any  car  connected  to  any  other  car  in  the  train. 
Although  designed  for  train  operation,  the  multiple-unit  type  of 
control  is  used  almost  universally  for  the  control  of  single  car 
equipments  where  the  motors  have  a  capacity  of  50  h.p.  or  greater, 
owing  to  the  excessive  size  and  weight  of  hand  type  control  used 
with  motors  of  large  capacity.  It  is  also  coming  into  more  gen- 
eral use  for  equipments  of  all  sizes  because  it  removes  the  heavy 
power  circuits  and  circuit-breaking  apparatus  from  the  car  plat- 
form thereby  removing  a  great  source  of  annoyance  and  danger 
to  passengers. 

Train  control  systems  consist  in  general  of  two  parts,  the  first 
consisting  of  a  series-parallel  motor  controller  composed  of  a 
number  of  switches  or  circuit-breakers,  sometimes  called  con- 
tactors, whose  function  is  to  effect  the  different  electrical  combina- 
tions of  the  motors  and  r^ulate  the  starting  resistance  in  circuit 
with  them.  There  is  also  a  reverse  switch  for  the  motors  called 
the  reverser,  which  is  actuated  by  the  same  means  used  to  operate 
the  circuit-breakers  or  contactors.  The  second  part  comprises 
master  controllers  which  operate  the  motor  controlling  contactors 
and  reversers  through  the  medium  of  train  wires  extending  through- 
out the  length  of  train  so  operated.  A  single  operator  may  si- 
multaneously effect  similar  combinations  upon  flie  several  motor 
cars  composing  the  train  thus  giving  to  the  train  Uie  same  advantages 
of  large  tractive  effort  and  rapid  acceleration  obtained  in  single 
car  operation. 

The  two  systems  of  multiple-unit  train  control  in  operation 
differ  in  the  means  employed  to  actuate  the  contactors  and  reversers, 
the  General  Electric  contactor  being  o{>erated  electrically  by  the 
line  current,  while  in  the  Westinghouse  train  control  system  the 
contactor  or  unit  switch  is  closed  by  compressed  air  and  opened 
by  a  powerful  spring,  the  necessary  air-valves  being  actuated 
electrically  by  the  master  controller  through  a  train  cable  using 
storage  battery  or  line  current.  Each  system  aims  to  produce  the 
same  result,  that  is,  duplicate  the  performance  of  a  car  operated 
singly,  but  the  systems  differ  in  the  means  adopted  to  secure  this  end. 

Multiple-unit  control  is  divided  into  two  general  classes  according 
to  the  method  of  acceleration,  i.«.,  hand-o{>erated  or  automatic,  the 
former  being  wholly  under  the  control  of  the  operator  as  is  the  case 
with  the  hand  controller  while  the  latter  is  effected  by  the  current 
limiting  relays  and  interlocks  on  the  contactors  or  unit  switches. 

General  Electric  Multiple-unit  Control 

Hand-operated  Acceleration.  The  multiple-unit  system  of 
control  with  hand-operated  acceleration  is  in  general  use  both  for 
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»11  Ihe  various  drcuit-breaking  _ 
operated  by  hand,  it  divides  each 
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breaker,  or  contactor,  and  actuates  these  electrically  through  train 
wires  by  means  of  a  small  master  controller.  The  motor-control, 
therefore,  comprises  those  parts  which  handle  motor  current,  all  of 
these  parts  being  electrically  operated  and  located  underneath 
the  car.  The  master  control  comprises  those  parts  which  handle 
the  control  current  for  operating  the  motor-control  apparatus,  the 
master  controller  being  o{>erated  by  hand  and  located  in  the 
vestibule  at  either  end  of  the  car.  The  motor-control  is  local  to 
each  car  and  current  for  this  circuit  is  taken  directly  from  the 
trolley  or  third  rail  through  the  circuit-breakers  or  contactors, 
starting  resistance  and  reverser  to  the  motors  and  thence  to  the 
ground.  Where  it  is  necessary  to  operate  with  a  gap  in  a  third 
rail  system  it  is  sometimes  customary  to  install  a  train  line  so  tluit 
any  car  may  supply  the  motor  current  for  the  other  cars  in  the 
train.  Train  wires  made  continuous  by  means  of  jumpers  be- 
tween cars  extend  throughout  the  train. 

On  each  car  the  operating  coils  of  the  motor-control  are  connected 
to  this  train  line  through  a  cut-out  switch,  these  train  wires  being 
energized  in  proper  sequence  by  the  hand-operated  master  controller 
on  the  platform.  Current  for  the  master  control  is  taken  directly 
from  the  trolley  or  third  rail,  through  the  master  controller  which 
is  being  o{>erated  by  the  motorman,  to  the  train  line  and  thus  to  the 
operating  coils  of  the  contactors  forming  the  motor-control  on  all 
cars  in  the  train. 

Master  Controller.  The  master  controller  is  similar  in  design  to 
the  original  cylinder  controller  in  that  it  contains  a  movable 
cylinder  and  stationary  contact  fingers  are  used  to  supply  current 
in  proper  sequence  to  tie  different  wires  of  the  train  hne  for  ener- 
gizing the  o{>erating  coils  of  the  motor-control.  The  value  of 
current  required  is  very  small,  not  exceeding  2.5  amperes  for  each 
car  in  the  train.  The  master  controller  is  provided  with  two 
handles,  one  for  o{>erating  and  one  for  reversing  the  direction  of 
the  train  movement. 

The  operating  handle  is  provided  with  a  button  which  must  be 
kept  down  except  when  the  handle  of  the  controller  is  in  the  off 
position,  as  releasing  this  button  permits  an  auxiliary  circuit  to 
open,  cutting  off  the  supply  of  current  in  the  master  controller, 
thus  de-energizing  the  train  line  and  opening  up  the  motor- 
control  apparatus.  This  button  is  intended  to  serve  as  a  safety 
appliance  in  case  of  physical  failure  of  the  motorman. 

The  reverser  handle  is  connected  to  a  separate  cylinder  which 
establishes  control  connections  for  throwing  the  electrically  oper- 
ated reverser  either  forward  or  reverse  position  when  the  master- 
controller  handle  is  on  the  first  or  off  point.  The  operating  circuit 
for  the  reverser  is  so  interlocked  that  unless  the  reverser  itself 
corresponds  to  the  direction  of  the  movement  indicated  by  the 
reverser  handle  of  the  master  controller,  the  line  contactors  on 
that  car  cannot  be  energized. 

Transition.  In  train  control  bridging  connections  (see  page  333) 
are  used  in  changing  from  series  to  parallel  connection. 

Control  Coupler.  Couplers  between  cars  are  so  designed  as  to 
give  a  corresponding  connection  of  train  wires,  this  being  secured 
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by  means  of  pro{>er  mechanical  design  of  plug  and  sockets,  it  being 
impossible  to  impro{>erly  insert  the  plug  in  the  sockets. 

Contactor.  The  contactor  is  a  switch  operated  by  solenoid  coils, 
and  each  contactor  may  be  considered  as  the  equivalent  of  a 
finger  and  its  corresponding  cylinder  segment  in  the  nand-operated 
K  type  controller.  It  consists  of  an  iron  magnet  frame  with 
an  operating  coil  and  two  main  contacts,  one  fixed  and  the  other 
directly  connected  to  the  movable  finger.  These  main  contacts 
open  and  close  in  a  molded  insulation  arc  chute  provided  with  a 
magnetic  blowout.  Interlocks  are  provided  for  making  the  neces- 
sary connections  in  control  circuits  to  ensure  proper  sequence  in 
operating  the  different  contactors.  All  of  the  contactors  are 
mounted  in  a  box  placed  on  a  wooden  insulating  support  beneath 
the  car,  this  box  being  provided  with  a  sheet  iron  cover  lined  with 
insulating  material. 

Reverser.  The  reverser  is  a  switch,  the  movable  part  of  which  is 
a  rocker  arm  operated  by  two  electromagnets  working  in  opposition. 
The  coils  receive  their  energy  from  the  master  controller  through 
the  train  line,  and  the  connections  are  such  that  only  one  coil  can 
be  operated  at  a  time.  Leads  from  the  motors  are  connected  to  the 
main  reverser  fingers  and  by  means  of  copper  bars  on  the  rocker 
arm,  the  proper  relations  of  armature  and  field  windings  are 
established  for  obtaining  forward  or  backward  motion  of  the  car. 

Sprague  General  Electric  Automatic  Mtiltiple-unit  Control 
provides  for  the  acceleration  of  the  train  at  a  predetermined  cur- 
rent in  the  motor,  this  feature  being  provided  without  preventing 
the  manual  operation  of  the  master  controller  at  less  than  the 
predetermined  current  if  desired.  The  operation  of  the  contactors 
is  controlled  from  the  master  controller,  but  governed  by  a  notch- 
ing or  current  Umit  relay  in  the  motor  circuit,  so  that  the  accelerat- 
ing current  of  the  motors  is  substantially  constant.  This  is  ac- 
complished by  having  small  auxiliary  interlocking  switches  on 
certain  of  the  contactors,  the  movement  of  each  connecting  the 
operating  coil  oi  the  succeeding  contactor  to  the  control  circuit. 
The  contactors  are  energized  under  all  conditions  in  a  definite 
succession,  starting  with  the  motors  in  series  with  all  resistance 
in  circuit;  the  resistance  cut  out  step  by  step;  the  motors  then 
connected  in  parallel  with  all  resistance  in,  and  the  resistance  again 
cut  out  step  by  step.  The  progression  can  be  arrested  at  any 
point,  however,  by  the  master  controller  and  is  never  beyond  the 
point  indicated  thereby.  The  rate  of  the  progression  is  governed 
by  the  current  limit  relay  so  that  the  advance  is  not  made  faster 
than  will  keep  the  current  in  the  motors  within  the  prescribed  Umit. 
One  of  these  relays  is  provided  with  each  car  equipment  so  that 
while  the  contactors  on  each  car  of  a  train  are  controlled  from  the 
master  controller  in  use  for  the  application  and  removal  of  power, 
the  rate  of  progression  through  the  successive  steps  is  limited  by 
the  relay  on  each  car  independently,  according  to  the  adjustment 
and  current  requirements  of  that  particular  car.  Another  auto- 
matic protection  for  individual  cars  is  provided  by  a  second  or 
potential  relay  having  its  coil  connected  to  the  lead  from  the  col- 
lecting shoes  of  the  respective  car  and  its  contacts  so  connected 
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in  the  contactor  circuits  that  in  case  of  failure  of  power  to 
car,  such  as  would  be  caused  by  passing  over  a  dead  section  of  rail, 
this  relay  is  de-energized  and  causes  the  control  circuits  on  that  car 
to  be  thrown  back  to  series  position  with  resistance  in,  and  when 


III 


power  is  restored  the  control  progresses  step  by  step  to  its  former 
advanced  position.  This  prevents  any  surging  or  overloading  in 
such  contingencies.  There  are  iive  circuits  leading  from  the  master 
controller  and  five  corresponding  train  wires.    The  five  circuita 
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comprise  one  for  forward  direction,  one  for  reverse,  one  each  for 
series  and  parallel,  and  the  fifth  for  controlling  the  acceleration. 
When  the  master  controller  is  moved  to  its  first  forward  point, 
the  No.  4  direction  wire  is  energized.  This  throws  the  reverser  to  its 
forward  position,  if  it  is  not  already  so  thrown.  The  reverser  is 
electrically  interlocked  so  that  it  cannot  be  thrown  when  the 
motors  are  taking  current.  The  operating  current  is  so  arranged 
that  unless  the  reverser  is  thrown  for  the  direction  of  car  movement 
indicated  by  the  master  controller  handle,  the  contactors  and  motors 
on  that  particular  car  are  ino{>erative.  When  the  reverser  has 
moved  to  the  proper  position,  connections  are  made  by  it  from  the 
direction  wire  through  the  forward  reverser  operating  coil  and  the 
coils  of  the  contactors  which  control  the  main  or  trolley  leads  to  the 
motors.  At  the  same  time  the  series-contactor  is  energized  by 
means  of  a  second  train  wire  and  the  circuit  through  the  motors 
in  series  is  completed  with  all  resistance  in  circuit,  giving  a  slow 
speed  forward.    In  this  position  no  further  action  is  produced. 

When  the  master  controller  is  moved  to  its  second  forward  posi- 
tion, circuit  is  completed  through  the  accelerating  wire  (No.  i),  in 
addition  to  the  above  circuits  which  energizes  the  contactor  shunt- 
ing the  first  resistance  step,  and  current  also  passes  through  the  fine 
wire  coil  and  the  contacts  of  the  current  limit  relay.    The  plimger  in 
thb  relay  has  a  lost  motion,  so  that  an  appreciable  time  is  required 
to  move  it,  and  this  time  is  made  the  same  as  that  required  by 
the  contactor  in  closing  its  contact.    These  two  devices  thus  oi)erate 
simultaneously.    The  contactor  being  lifted,  shifts  its  operating  coil 
by  means  of  the  interlocking  switches  into  the  circuit  through  the 
series-contactor  above  mentioned,  which  maintains  it  in  the  closed 
position  independent  of  the  circuit  that  has  lifted  it.    At  the  same 
time  the  relay  has  opened  the  lifting  or  actuating  circuit.    The 
shunting  of  the  resistance  step  by  the  contactor  causes  an  in- 
creased current  to  flow  through  the  motor  circuit  and  through  the 
jieavy  coil  of  the  relay,  which  is  sufficient  to  hold  the  relay  plunger 
^  its  raised  position  and  so  keep  the  actuating  circuit  open  until 
^e  motors,  by  speeding  up,  cause  the  current  to  diminish  enough 
to  allow  the  relay  plunger  to  drop  and  again  close  the  accelerating 
circuit.     Circuit  is  now  established  through  the  contactors  shunting 
the  second  resistance  step,  and  these  contactors  are  energized  and 
the  relay  again  lifted  and  held  up  by  the  increased  current  and  so  on 
^til  all  the  resistance  is  cut  out. 

When  the  master  controller  is  moved  to  the  third  position  the 
parallel  circuit  is  established,  the  bridge-contactor  and  then  the 
parallel  contactors  closed  and  the  motors  connected  in  the  multiple 
arrangement.  When  the  master  controller  is  moved  to  its  fourth 
or  f\ill-on  position,  the  resistance  is  cut  out  step  by  step  as  in  series. 
These  same  successive  actions  are  produced  if  the  master  control- 
ler is  thrown  to  the  full-on  position  directly,  as  the  interlocking 
contacts  prevent  an  advance  circuit  being  established  before  the 
proper  preliminary  action  has  taken  place. 

li  at  any  point  during  the  acceleration,  the  master  controller  is 
inoyed  to  its  lap  position,  the  existing  position  of  the  contactors  is 
•^intained,  but  the  further  progression  is  arrested  so  that  the 
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motorman  can  limit  the  acceleration  to  as  slow  a  rate  as  desired, 
but  he  cannot  exceed  the  predetermined  rate  for  which  the  relay  is 
adjusted. 

A  control  cut-out  switch  is  provided  in  each  car  so  that  in  an  emer- 
gency the  operating  coils  of  the  contactors,  reverser  and  circuit- 
breaker  on  a  particular  car  may  be  disconnected  from  the  control 
circuit. 

It  is  necessary  to  positively  energize  two  distinct  train  wires  in 
order  to  operate  the  contactors  required  for  starting  the  motors. 

Three  separate  contactors  with  their  main  contacts  in  series  are 
used  for  completing  and  breaking  each  motor  unit. 

Several  small  fuses  are  provided  in  the  control  circuit  for  effect- 
ively protecting  the  control  a^^aratus. 

Should  the  train  break  in  two,  the  control  current  is  automatically 
and  instantly  cut  off  from  the  detached  rear  portion  without  effect- 
ing the  ability  of  the  motorman  to  control  the  front  part  of  the  train. 

Control  for  1200-volt  motors  comprises  essentially  the  same  ar- 
rangement of  apparatus  as  described  for  600- volt  motors.  Asmost 
of  such  equipments  must  operate  over  tracks  equipped  with  600- volt 
trolley  in  cities,  the  motors  are  wound  for  900  volts  and  connected 
permanently  two  in  series.  With  1200  volts  there  is  the  possibility 
of  a  single  motor  receiving  practically  full  trolly  potential  if  its 
wheels  should  slip,  hence  the  method  used  of  winding  each  motor  for 
900  volts  with  sufficient  margin  in  its  commutating  constants  to 
allow  momentary  impressed  1200  volts.  The  motors  being  con- 
nected two  in  series  for  1200-volt  operation  permits  operation 
with  all  motors  in  multiple  with  600  volts  trolley  potential, 
thus  giving  same  speed  of  car  at  600  and  1200  volts.  Such 
parallel  motor  connection  is  seldom  resorted  to  however  as  there 
seldom  exists  the  necessity  of  providing  equal  maximimi  speeds 
on  1200-  and  600- volt  trolley  sections.  Keeping  two  motors 
permanently  connected  in  series  gives  about  half  speed  for  city 
running  and  this  relation  to  the  interurban  speeds  is  about  right. 
The  secondary  control  system  and  master  controller  are  the  same 
as  with  standard  600- volt  motors.  On  1200-volt  trolley  sections 
the  car  lamps  and  master  control  system  are  energized  by  a  d3aia- 
motor  located  beneath  the  car  and  made  self  starting  like  an  air 
compressor  motor.  The  air  compressor  motor  operates  from  the 
1 200- volt  trolley  as  does  the  car  heating  system.  The  only  differ- 
ence in  1 200-  and  600- volt  train  control  systems  lies  therefore  in 
the  introduction  of  the  dynamotor,  and  the  operation  is  the  same  as 
described  for  600-volt  equipments. 

Operation  of  S.G^.  Automatic  Control.  The  following  is  from 
a  paper  by  Mr.  F.  E.  Case,  Proceedings  A.E.R.E.A.,  1908. 
(References  are  to  Fig.  26.) 

First  Forward  Position  of  Controller.  With  the  master  controller 
on  first  position  forward,  current  flows  from  T  through  wire  4  to 
reverser  coil  through  5^4  to  ground  G.  This  throws  the  reverser 
to  the  proper  position,  if  it  has  not  been  left  there  by  previous 
operation.  The  reverser  in  throwing  over  connects  wire  4  by  $8 
through  coils  Li  and  L2  to  ground.  Current  also  flows  through 
wires  2 A ,  2B  and  2C  to  coil  S  and  wires  2D,  2E,  2F,  oG  and  2H 
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to  ground.  The  Bmall  double  circles  in  the  drcuit  represent  re- 
sistances which  have  an  approximate  value  equal  to  tnat  of  the 
contactor  coil.  These  circuits  operate  the  necessary  contactors 
Cor  connecting  the  motors  in  series  wilh  all  the  starting  resistance 
in.  The  line  relay  is  closed  as  it  is  connected  across  the  motors. 
Second  Forward  Position.  When  the  master  controller  is  moved 
Co  the  second  position,  the  control  current  flows  through  wire  i, 
current  limit  relay,  wires  lA,  iB,  iC,coiIXR4  to  siE,  etc.,  to  ground. 
The  RR4  contactor  and  relay  dose  sdmultaneously.  As  the  con- 
tactor closes,  the  contact  between  iK  and  iC  wires  is  made  previous 
lo  the  contact  between  iD  and  2E  being  broken,  and  also  just  before 
the  relay  contact  ia  opened.     The  circuit  through  coit  ,S  then  passes 


ftom  wire  iD  through  iJ,  iK,  iC,  coil  RR^,  2E,  etc.,  to  ground. 
The  motor  current  flowing  through  the  heavy  coil  of  the  relay  being 
increased  by  closing  RR4  is  sufficient  to  hold  the  relay  plunger,  just 
ulted  by  No.  i  wire  circuit  and  keep  its  contacts  open.  After  the 
Motor  current  has  dropped  a  predetermined  amount,  due  to  increase 
of  motor  speed,  the  relay  plunger  drops  and  the  control  circuit 
contacts  are  again  closed.  Current  then  flows  through  wires  lA, 
'°<  iD,  iB,  coil  S-i,  2F,  etc..  to  ground.  This  closes  R-i  con- 
factor  and  iu  interlocks  shift  the  coU  into  the  circuit  from  lE, 
placmg  it  in  series  with  S  and  RS-4  and  the  relay  repeats  its 
previous  performance.     On  the  next  two  steps  the  R-3,  RR-2.  R-i, 

««-J  coils  are  energized  in  the  same  manner.     When  R-i  cr- " 

™*'  on  the  last  step,  the  control  current  flows  through  n 
■''.  iL,  lU,  coil  B  to  G.  The  iC  wire  is  opened  when  con 
Oosea  and  contactor  S  and  the  resistance  contactors  are  permitted 
"*open.  The  "bridge"  contactor  B  is  kept  closed  by  the  current 
Wising  through  the  2B  and  iM  wires. 
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Third  Forward  Posiiion,  In  the  third  position  of  the  master 
controller  an  additional  circuit  is  made  through  wires  3,  $Ay  $B, 
coils  M-i  and  i/-2,  wires  iB^  2£,  etc.,  to  ground.  When  closing 
M-i  contactor  opens  the  circuit  of  the  "bridge"  contactor  B  and 
M-i  contactor  closes  the  circuit  from  2- A  to  3-8,  thereby  keeping 
Af-i  and  M-2  contactors  closed.  The  motors  are  now  connected 
in  parallel  with  full  resistance  in  circuit. 

Fourth  Forward  Position.  In  the  fourth  position  of  the  master 
controller  current  flows  through  wire  i  and  the  current  relay  and 
the  resistance  contactors  are  operated  in  the  same  manner  as  in 
series,  but  not  in  the  same  order.  Current  flows  through  i^,  iD 
and  i£,  coil  R-iy  wire  2F,  etc.,  to  C?,  thereby  operating  ^-i  contactor 
first  in  parallel.  After  ^-i  contactor  has  operated,  S-2,  RR-2,  R-$y 
RR-$  and  ^-4  are  closed  in  the  order  given.  After  ^-4  contactor 
has  closed,  the  current  passes  through  iD  wire  through  iZ,  iB  and 
iC,  coil  RR-4j  2jE,  lEy  coil  i?-i,  etc.,  to  ground  and  RR'4.  con- 
tactor is,  therefore,  the  last  one  to  close. 

Operation  at  Reduced  Rate.    When  it  is  desired  to  notch  up 
slower  than  the  normal  rate  the  master  controller  handle  is  brought 
to  the  first  point  and  the  car  slowly  started.    To  secure  a  slight 
increase  in  speed  the  handle  is  turned  to  the  second  point  and 
returned  quickly  to  the  first.    This  operation  will  lift  the  current 
limit  relay  and  the  contactor  for  the  second  step,  but,  as  it  cuts  off 
the  lifting  circuit,  no  more  contactors  will  be  closed  untHlhe 
movement  is  repeated.    This  method  of  operation  can  be  followed 
until  all  resistance  contactors  are  closed  and  full  series  is  reached. 
If  desired  to  cut  out  the  resistance  slowly  in  parallel,  also,  Uie 
controller  handle  is  then  brought  to  the  third  point  and  the  motors 
wiU  be  connected  in  parallel  with  all  resistance  in.    By  turning  to 
the  fourth  point  and  back  quickly  to  the  third,  a  similar  operation 
to  that  in  series  will  result. 

Westinghouse  Multiple-unit  Control 

Classification  According  to  Source  of  Current  Supply  for  Valve 
Magnets.  In  the  Westinghouse  multiple-unit  control  the  two 
classes  (automatic  acceleration  and  hand-operated  acceleration) 
each  may  be  again  divided  according  to  the  source  of  current  supply 
for  the  valve  magnets.  That  is,  the  source  of  this  current  may  be 
the  line  or  a  storage  battery. 

Hand-controUed  Acceleration  Current  for  Control  Circuits  Taken 
from  Line,  The  system  of  multiple-unit  control  having  hand-con- 
trolled acceleration  and  taking  current  for  the  control  circuits  from 
the  line  is  the  simplest  type  and  is  in  most  general  use  on  interurban 
and  city  surf  ace  lines  for  both  train  and  single  car  operation.  It 
is  known  as  type  HL.  It  is  in  effect  the  same  as  the  hand- 
operated  drum  type  of  control,  except  that  instead  of  combining 
all  the  various  circuit-breaking  contacts  upon  a  single  drum, 
operated  by  hand,  it  divides  these  contacts  into  separate  con- 
tactors and  actuates  these  by  means  of  compressed  air  taken 
from  the  air-brake  reservoirs  and  controlled  by  magnet  valves  and 
train  lines  wires  from  a  small  master  controller. 
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This  system  is  made  up  of  two  general  parts,  namely,  the  auxiliary 
control  system  and  the  motor  control  system. 

Auxiliary  Control  System,  The  auxiliary  control  system  com- 
prises a  set  of  train  wires,  a  control  resistance,  electrically  o{>erated 
valves  operating  the  pneumatic  um't  switches,  a  master  controller 
and  auxiliary  protective  devices.  Current  for  the  control  circuits 
is  taken  directly  from  the  trolley  or  third  rail  through  the  master 
controller  to  the  control  resistance,  the  latter  being  arranged  with 
low  voltage  taps  for  the  valve  magnet  circuits. 

Master  Controller.  The  master  controller  is  similar  in  design 
to  the  original  drum  controller  in  that  it  contains  a  movable  cylinder 
and  stationary  contact  fingers  are  used  to  supply  current  in  proper 
sequence  to  the  different  wires  of  the  train  line  for  energizing  the 
operating  coils  of  the  motor  control.  The  value  of  the  current 
required  is  very  small,  not  exceeding  2  amperes  for  each  car  in 
the  train.  The  master  controller  is  provided  with  two  handles,  one 
for  operating  and  one  for  reversing  the  direction  of  train  movement. 

Reverse  Handle.  The  reverse  handle  of  the  master  controller 
is  connected  to  a  separate  drum  which  establishes  control  connec- 
tions for  throwing  the  electro-pneumatically  operated  reverser  to 
either  the  forward  or  reverse  position  when  the  main  master  control- 
ler handle  is  moved  to  the  first  accelerating  notch.  The  control 
circuits  of  the  reverser  are  so  interlocked  that  unless  the  reverser 
itself  correspK>nds  to  the  direction  of  the  movement  indicated 
by  the  position  of  the  reverse  handle  of  the  master  controller,  the 
unit  switches  on  that  car  cannot  be  energized. 

Control  Coupler.  Train  line  jumpers  between  cars  are  so  designed 
as  to  give  a  corresponding  connection  of  train  wires,  this  being 
secured  by  proi)er  mechanical  design  of  receptacles  and  jumper 
heads  so  that  it  is  impossible  to  improperly  insert  the  jumper  in 
the  receptacle. 

Contactors  or  "  Unit  Switches.^'  These  are  placed  in  a  group,  being 
'assembled  on  a  common  frame  and  placed  in  a  box  beneath  the 
car.  The  unit  switch  constitutes  a  circuit- breaker  having 
a  fixed  and  movable  contact  and  provided  with  a  magnetic  blowout, 
the  movable  finger  being  actuated  by  an  air  cylinder  energized  from 
the  brake  reservoir  and  controlled  by  a  magnet  valve  connected 
electrically  to  the  train  wire  system.  The  switch  finger  is  normally 
held  open  by  a  spring,  which  is  compressed  on  closing  the  switch 
hy  reason  of  the  greater  force  of  the  compressed  air  at  70  lb.  pressure 
or  more.  The  high  pressure  used  in  closing  the  switch  is  also 
njade  use  of  to  reduce  the  contact  resistance,  hence  reducing  the 
heating  and  the  size  of  the  switch  contacts. 

Reverser.  The  reverse  switch  or  reverser  consists  of  an  insulated 
drum  carrying  two  sets  of  contacts  arranged  to  make  contact  with 
stationary  fingers  when  operated  forward  and  backward  by  a  pair 
of  pneumatically  operated  pistons  actuated  through  electrically 
operated  valves  by  the  auxiliary  or  master  controller.  No  magnetic 
blowout  is  required  as  the  reverser  does  not  operate  when  carrying 
current  on  account  of  a  mechanicalinterlocking  between  the  main 
and  reverse  drums  of  the  master  controller.  This  reverser  switch 
is  enclosed  in  a  sheet-iron  box  placed  beneath  the  car. 
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Overload  Trip.    An  overload  trip  is  mounted  on  one  end  of  the 
box  containing  the  unit  switches.    It  is  actuated  by  the  magnetic 
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Pig.  37.— Sequence  of  connections,  Westinghotise  H.  L.  control  (continued 

on  opposite  page). 

blowout  coil  at  that  end  of  the  group  of  switches  and  arranged 
to  open  the  control  circuits  of  several  switches  ahead  of  the  motors 
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and  main  circuit  resistance  when  an  excessive  overload  on  the 
motors  occurs. 

Control  and  Reset  Switch.    The  control  and  reset  switch  is  a 
small  single-pole  double-throw  canopy  switch  used  for  disconnecting 

Transition  ^ 
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PlG.  37  (Continued). — Sequence  of  connections.  Westinghouse 

HL  control. 

^e  control  circuits  from  the  line  and  closing  the  control  circuit  to 
the  reset  coil  of  the  overload  trip,  which  can  thus  be  reset  from  the 
car  platform. 
Motor  Cut-out  Switches,    The  motor  cut-out  switches  consist  of 
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knife  ^witches  arranged  in  a  manner  sinular  to  those  on  a  h&nd  or 
drum  controller  and  are  mounted  in  a  weatber-pTOof  box  on  one  end 
of  the  switch  group. 

Control  RtswtaHCt.     The  control  resistance  consists  of  a  number 
of  flattened  tubes  wound  with  resistance  ribbon  and  supported  io 
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an  iron-clad  frame  with  all  live  parts  protected  from  the  weather. 
The  several  tubes  are  connected  in  series  for  the  fidl  trolley  voltage 
and  low  voltage  taps  are  taken  oS  for  the  magnet  valve  arcuits. 

Fig.  27  shows  the  sequeact  of  connectiotn  for  HL  control,  giv- 
ing the  sequence  of  the  closing  of  the  contactors  and  illustrat- 
ing a  method  of  ananging  the  main  drcuit  resistance  by  which  five 
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e  steps  are  seemed  by  the  use  o[  four  contactors.  Fig. 
iS  shons  the  main  and  contrd  circuits  for  a  double  equipment  of 
6o-h.p.  motors  with  HL  control,  using  an  eight-switch  group. 
Fig.  2g  gives  the  wiring  for  an  equipment  of  four  go-h.p.  motors 


Two  of  the  contactors  are  provided  with  extra  long  arcing  boxes 
and  are  used  as  circuit-breakers.  These  are  mounted  in  a  separate 
box  together  with  the  overload  trip,  which  opens  them  in  case  of  an 
overload  or  a  ground  on  the  motor  circuits. 
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Long  experience  has  indicated  that  the  current-carrying  capacity, 
reliability  and  low  maintenance  of  the  multiple-unit  type  of  con- 
troller is  due  to  the  very  high  pressures  obtained  at  the  current- 
carr3dng  contacts.  The  pressure  on  the  contact  is  many  times 
greater  than  in  an  ordinary  drum  controller. 

Westinghouse  Automatic  Multiple-unit  Control 

Westinghouse  automatic  multiple-unit  control  differs  from  the 
hand-operated  t3^e  in  that  the  acceleration  of  the  motors  is  made 
on  a  predetermined  current  which  is  governed  by  the  control 
^interlocks  on  the  various  contactors  and  the  setting  of  a  current 
limit  switch  in  the  motor  circuits,  instead  of  being  entirely  under  the 
control  of  the  operator.- 

Master  ControUer,  The  master  controller  is  normally  in  the 
central  position  and  completes  a  circuit  which  energizes  the 
emergency  train  brake  magnet  valve,  releasing  the  air  from  the 
train  pipe  and  setting  the  brakes.  Whenever  the  master  controller 
handle  is  returned  to  the  central  position,  which  it  does  auto- 
matically if  the  operator's  hand  be  removed,  it  open-circuits  the 
current  supply  and  sets  the  brakes,  bringing  the  train  to  rest,  hence 
constituting  a  safety  device  to  take  care  of  possible  physical  failure 
of  the  motorman. 

The  master  controller  has  only  four  notches  and  the  scheme  oi 
operation  consists  of  the  following  progression:  The  first  notch 
is  a  coasting  position  of  the  controller,  as  this  position  opens  all 
motor  switches  but  does  not  apply  the  air  brakes. 

The  second  notch  or  switching  position  establishes  connection 
with  the  train  line  so  that  the  reversing  switch  is  closed  and  the  unit 
switch  group  closes  the  circuit  to  the  motors  with  all  resistance  in. 

The  third  notch  or  full  series  position  of  the  master  controller 
handle  introduces  the  current  limiting  relay  which  permits  the 
progressive  picking  up  of  the  several  unit  switches  as  the  current 
falls  below  a  predetermined  value.  With  the  controller  handle 
upon  the  third  notch  no  further  progression  is  made  after  the 
current  relay  has  permitted  the  closing  of  the  proper  unit  switches 
to  effect  full  series  position  connection  of  the  motors  with  starting 
resistance  entirely  cut  out. 

The  fourth  notch  on  the  master  controller  corresponds  to  multiple 
connection  and  advancing  to  this  position  establishes  multiple 
connection  of  the  motors  and  again  brings  the  current  relay  into 
activity,  permitting  the  progressive  cutting  out  of  multiple  starting 
resistance  until  full  multiple  operation  with  full-line  voltage  upon 
the  motors  is  attained. 

Moving  the  master  controller  handle  to  similar  notches  on  the 
opposite  side  of  the  center  notch  will  effect  the  same  combinations, 
but  with  the  train  operating  the  opposite  direction. 

Unit  Switches.  The  group  of  contactors  is  similar  to  that  used 
in  the  hand-op>erated  type  of  multiple-unit  control  with  the  addi- 
tion of  interlocks  mounted  on  the  contactors.  These  consist  of 
copper  contacts  sliding  on  spring  contact  fingers,  which  are  elec- 
trically connected  to  the  magnet  valves  in  such  a  manner  that  the 
closing  of  one  energizes  the  valve  magnet  of  the  switch  next  sue- 
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ceediog,  thus  producing  an  automatic  progressive  action,  providing 
(or  uniform  acceleration  with  practically  constant  motor  current. 
Series  Limit  Rttay  or  Limit  Switch.  The  series  limit  relay  or 
limit  switch  regulates  the  feeding  of  the  control  current  to  the 
magnet  coils  of  (he  accelerating  unit  switches.  It  consists  of 
a  magnet  coil  connected  in  series  with  the  motors  and  in  which 
operates  a  plunger  terminating  in  a  disk  which  closes  the  control 
circuit   to   the   magnet  coils  whenever  the  motor  current  falls 


a.  predetermined   value.    This  switch   used  ii 

with  the  control  interlock  switches  of  the  contactor  group,  permits 

At  proi^essive  cutting  out  of  starting  resistance. 

tine  Relay.     The  line  relay  consists  of  a  coil  connected  between 

[      toe  hne  and  the  ground  and  provided  with  a  plunger,  to  which  is 

■     tttlached  a  contact  disk.     When  the  hne  voltage  is  available,  the 

I     coil  of  the  hne  relay  is  energized,  lifting  the  plun«r  and  causing  the 

I     <:oi>tact  disk  to  close  a  circuit  across  a  pair  of  contacts.    These 
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contacts  are  directly  in  series  with  the  auxiliary  control  circuit  of 
certain  contactors,  and  hence,  if  the  line  current  fails  for  any 
cause,  this  auxiliary  contact  is  opened,  thus  opening  the  main 
power  circuits.  Should  the  line  switch  be  opened  or  should 
the  current  be  cut  off  from  the  line  for  any  reason,  the 
plunger  of  the  line  relays  drops,  the  auxiliary  control  circuit 
is  opened  and  all  the  contactors  are  opened.  This  arrange- 
ment prevents  the  motors  being  held  across  the  line  subject  to 
damage  should  the  line  current  be  suddenly  resumed  after  the 
train  has  lost  its  speed.  When  the  contactors  are  opened 
by  the  temporary  cutting  off  of  the  control  current  for  any 
reason  when  the  master  controller  handle  is  partially  or  wholly 
notched  up,  the  limit  relay  governs  the  progressive  reclosing  of 
these  switches. 

Fig.  30  shows  the  main  and  control  circuit  connections  for  a 
quadruple  equipment  of  600-volt  75-h.p.  motors  arranged  for 
automatic  acceleration  with  line  current  on  auxiliary  control 
circuits.    This  is  known  as  the  type  AL. 

Battery  Control.  Battery  control  may  be  either  the  hand-oper- 
ated or  automatic  type.  The  former  is  known  as  type  HB  and 
the  latter  as  type  AB.  When  a  battery  is  used  to  supply  the  aux- 
iliary control  current  for  multiple  unit  control,  the  control  resist- 
ance  is  replaced  by  a  storage  battery,  supplying  ciurent  at  from 
14  to  32  volts.  On  account  of  the  low  voltage  used,  a  plug  switch 
replaces  the  canopy  type  control  and  reset  switch  used  on  line  cur- 
rent control  equipments  and  the  insulation  of  the  entire  auxiliary  con- 
trol circuit  can  be  greatly  reduced.  Battery  current  for  the  auxiliary 
control  circuits  is  particularly  adaptable  to  high  voltage  systems, 
either  alternating  current  or  direct  current,  on  account  of  the  elimi- 
nation of  the  high  voltage  from  the  master  controller.  This  type  of 
control  is  also  advantageously  employed  on  elevated  and  subway 
systems,  and  in  trunk  line  service,  where  close  headway  between 
trains  is  essential.  The  use  of  a  low  voltage  control  which  is 
independent  of  the  line  voltage  eliminates  various  causes  for  incorrect 
operation,  making  this  type  of  control  particularly  applicable  for 
this  class  of  service.  The  storage  battery  used  for  the  control  can 
also  be  used  for  emergency  lighting,  as  well  as  for  signal  and 
brake  systems.  In  large  systems,  where  storage  batteries  can 
be  economically  maintained,  the  benefits  of  a  low  voltage  control 
system  are  most  evident.  Unless  it  is  desired  to  charge  the 
storage  battery  from  an  outside  source  at  the  end  of  a  run,  it 
can  be  automatically  charged  from  the  line  on  a  direct-current 
system  or  by  a  small  motor-generator  set  on  an  alternating-cur- 
rent system,  the  amount  of  charge  being  regulated  by  means 
of  an  adjustable  battery  charging  resistance  and  a  battery 
charging  relay. 

Fig.  31  shows  the  main  and  control  circuit  connection  for  a  double 
equipment  of  1 75-h.p.  single-phase  alternating-current  motors 
and  type  AB  control  for  operation  on  a  system  emplojdng  1 1 ,000 
volts  on  the  trolley. 

Control  for  1200-volt  and  1500-volt  Direct-current  Motors 
consists  of  essentially  the  same  as  that  used  for  600-volt  motors. 
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Master  OontroIIer 
For.  >■  «H   •< —  Bev. 


Trolley 
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To  Junction  Box 
Seaaence  of  Switches 
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6 
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0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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5.G 

241 

3.G 

193 

2.G 

177 

l-G 

306 

LH-a 

128 

MG.a 

112 
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89 

Bs-G 

80 
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FjG,  31. — Scheme  of  circuits  for  Westinghouse  automatic  multiple-unit  con- 
trol, battery  current  operation,  two  alternating-current  motors. 
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Since  most  of  these  equipments  must  operate  on  6oo-volt  trcdlnr 
through  rities,  the  motors  are  wound  for  an  impressed  v<u- 
tage  of  6e>t>  ot  750  volts  and  connected  two  in  series.  The 
contactors  in  the  motor  control  circuit  are  arranged  to  give 
twice  as  many  breaks  in  series  when  opening  the  motor  circuit  as 
are  secured  on  600-volt  control,  thus  dividing  up  the  arcs  and 
greatly  reducing  wear  on  switch  contacts.     When  1 200-volt  motors 


SaqDenoe  et  SHitobea 


operated  on  600-volt  trolley  for  a  considerable  proportion  of 
time,  it  is  desirable  to  add  a  series-par altcl  switch  to  the 
equipment  for  changing  the  motor  connections  so  as  to  give 
full  speed  on  half  normal  line  voltage.  Where  half  normal  speed  is 
sufficient  when  operating  on  600  volts,  the  motors  are  left  petma- 
nently  connected  in  series. 

The  current  for  the  auxiliary  control  circuits  for  a  iioo-volt 
system  may  be  taken  from  a  1 200-volt  control  resistance  in  the  same 
manner  as  for  a  600-volt  system  with  low  voltage  taps  for  the  valve 
magnet  or  contactor  circuits,  or  a  continuous  running  dynamotor 
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may  be  used  operating  on  ijoo  volts  and  supplying  current  at  600 
volts  {or  tlie  a.uxiliaiy  control  and  car  ligbting  drcuits.  This 
dyoamotor  is  also  arranged  to  drive  the  air  compressor,  being 
equipped  vdth  an  air-controUet  clutch,  which  automatically  con- 
nects and  discoiuiects  the  compressor  when  the  main  reservoir  air 
pressure  falls  below  or  rises  above  certain  predetermined  values. 

Fig.  32  shows  the  main  and  control  circuit  wiring  for  a  quad- 
ruple equipment  of  1200-volt  40-h.p.  motors  withstraight  tioo-volt 
type  HL  control 

*      Westinghouse  PE  Control 

Main  CotUroUer.  The  Westinghouse  type  PK  controller  con- 
asts  of  a  mechanically  operated  drum  type  controller  whose  ■^>era- 
tion  is  controlled  by  a  master  controller,  line  switch  and  current 
limiting  switch.  The  drum  type  controller  originally  intended  for 
hand  operation  may  be  placed  beneath  the  car  and  used  as  the  main 
controller  in  the  PK  system.     The  mechanism  which  operates  the 

'a  controller  drum  (see  Fig.  33)  is  mounted  on  a  base  which  takes 


Pio.  33. — Westinghouse  PK  control,  operating  mechaniatn. 

the  place  of  the  usual  controller  case  top.  This  consists  of  a  pair 
of  cylinders  whose  common  piston  rod  carries  a  rack  whi  ch  meshes 
with  a  pinion  on  the  shaft  of  the  main  controller  drum.  Valves 
admitting  compressed  air  to  and  from  these  cylinders  are  con- 
trolled 1^  magnets.  When  the  "on"  valve  magnet  is  energized, 
compressed  air  is  admitted  to  the  "on"  cylinder,  and  when  the 
"o3  valve  magnet  is  energized,  air  is  released  from  the  "off" 
cylinder.  When  both  of  these  magnets  are  energized,  the  main 
dnun  is  moved  in  a  clockwise  direction  and  when  both  of  them  are 
'le-energized,  this  drum  is  moved  in  a  counter-clockwise  direction. 
If,  during  clockwise  motion  of  the  drum,  the  "off"  valve  magnet 
only  be  de-energized,  the  motion  of  the  drum  will  stop.  In  order 
that  the  main  controller  drum  will  stop  at  the  notches,  an  auxiliary 
control  or  interlock  drum  having  points  corresponding  to  those 
of  the  main  drum  is  keyed  to  the  jiaft  of  the  main  drum.    This 


374 


ELECTRIC  RAILWAY  HANDBOOK 


interlock  drum  breaks  the  control  circuit  of  the  ''off"  valve  magnet. 
Each  notch  is  controlled  by  a  separate  control  wire  energized 
from  the  master  controller. 

Reverser.  The  common  piston  rod  of  two  opposed  cylinders  is 
linked  to  a  lever  on  the  reverser  drum  shaft.  Motion  of  the  re- 
verser drum  is  secured  by  admitting  compressed  air  to  one  or  the 
other  of  these  cylinders. 

Main  Control  Circuits.  Fig.  34  shows  the  main  control  cir- 
cuits for  a  two-motor  field-control  equipment.  The  making  and 
breaking  of  the  main  circuit  is  done  by  an  electropneumatic  line 
switch.  An  overload  trip  protects  against  overload  and  short 
circuit.  The  ''off"  position  of  the  main  controller  corresponds  to 
the  first  notch  on  the  master  controller.    There  are  four  series 


Rot( 


Pig.  34. — Scheme  of  circuits,  Westinghouse  PK  control. 

and  four  parallel  notches  on  the  main  controller  drum.  Notches 
2  and  3  cut  out  resistance  steps  in  the  series  position  and  notches 
6  and  7  cut  out  re^stance  steps  in  the  parallel  position.  Notch 
4  (series)  and  notch  8  (parallel;  change  from  fidl-field  to  short- 
field  connections. 

Master  Controller.  The  master  controller  has  two  handles,  the 
main  handle  and  the  reverser  handle.  If  the  motorman  releases 
the  main  handle  when  it  is  not  in  the  "off"  position,  power  will 
be  automatically  cut  off  and  the  brakes  applied.  The  emergency 
brake  application  may  be  prevented  in  the  "off"  position  by  mov- 
ing the  reverse  handle  to  neutral.  A  sliding  contact  (Fig.  35) 
clamped  around  the  shaft  of  the  main  drum  of  the  master  controller 
is  allowed  by  a  stop  to  turn  through  an  angular  distance  corre- 
sponding to  one  notch  of  the  main  drum,  but  during  the  rest  of  the 
movement  it  is  held  stationary.  By  this  arrangement  the  control 
circuit  for  the  line  switch  is  established  as  the  master  controller  is 
moved  toward  the  "on"  position,  but  a  backward  movement  of  the 
master  controller  handle  opens  the  circuit  and  drops  out  the  line 
switch.  Thus  there  is  no  arcing  on  the  main  controller  drum  in 
returning  toward  the  "off"  position. 

Master  Control  Circuits.  (Fig.  35.)  On  the  first  notch  of  the 
master  controller,  wire  i  is  energized  from  6,  which  is  the  positive 
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side  of  the  control  circuit.  Wires  F  and  R  are  energized  from  the 
wire  o,  which  is  the  negative  aide  of  the  control  drcmt.  Wire  i 
is  interlocked  through  the  main  controller  drum  in  the  first  posi- 
tion, to  wire  13,  to  the  hne  switch  valve  magnets,  to  the  return 
drcuic  through  wire  to,  which  is  interlocked  through  the  reverse 
drum  to  wire  F  or  R,  and  then  through  the  reverse  drums  and 
sliding  contacts  on  the  master  controller  to  the  negative  side  of  the 
tontrol  circuit.  As  soon  as  the  line  switch  closes,  wire  13  is  con- 
nected to  wire  I,  which  establishes  a  holding  circuit.  Current 
through  wire  r  also  energizes  the  "on"  valve  magnet  which  is 
connected  directly  to  the  first  position  until  the  master  controller  is 
thrown  to  the  "off"  position.    On  the  second  notch  of  the  master 


Fic.  3S.— Circuit  diagrain,  Westinghouse  PK  master  controller. 

controller,  wire  i  is  energized,  and  the  current  goes  directly  to  the 
auiiliaiy  interlocking  drum  on  the  main  controller,  which  energizes 
the  "off"  valve  magnet  through  wire  14  and  the  limit  switch  to  the 
"oft"  valve  magnet  coil,  and  returning  to  the  negative  side  of  the 
line  through  wire  10.  This  releases  the  air  from  the  "off"  cylinder, 
and  the  "on"  valve  magnet  being  already  energized,  the  main  con- 
troller drum  moves  toward  the  second  position.  Just  before  it 
teaches  the  second  position,  the  current  in  wire  a  is  interrupted  on 
the  auxiliary  control  drum  thus  de-energizing  the  "off  "valve  mag- 
net which  instantly  establishes  equal  pressure  in  both  cylinders,  stop- 
[Mig  the  main  drum  on  the  second  position.  The  control  wires 
3  uid  4  operate  in  a  similar  manner,  and  control  the  resistance  and 
field  notches  in  series  as  weU  as  in  multiple.  The  P  wire  when  en- 
*tgized  operates  the  main  controller  drum  from  the  series  to  the 
multiple  position. 

Automatic  Acceleration.     The  master  controller  handle  may  be 
thrown  directly  to  the  full  parallel  position  and  a  rate  of  accelera- 
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tion  will  be  maintained  as  predetermined  by  the  setting  of  the 
current  limit  relay. 

Source  of  Power  for  Control  Circuits,  Power  for  operating  the 
control  circuits  may  be  obtained  from  a  storage  battery  or  from 
the  trolley  through  a  control  resistance. 

Field  Control 

Method.  Field  control  is  practicable  with  commutating-pole 
motors.  The  field  winding  of  a  motor  with  which  field  control 
is  to  be  used  is  (ordinarily)  divided  into  two  parts.  When  these  two 
parts  are  connected  together  in  series,  a  strong  field  and  therefore 
low  speed  is  obtained.  For  a  higher  speed  a  weaker  field  is  secured 
by  cutting  one  part  of  the  field  winding  entirely  out  of  the  circuit. 
By  this  arrangement  there  are  two  series  running  positions  and  two 
parallel  running  positions,  thus  making  four  running  positions  where, 
without  field  control,  there  would  be  but  two.  The  ordinary  drum 
type  of  controller  may  be  arranged  to  make  the  necessary  connec- 
tions for  field  control  or  multiple-unit  control  may  be  adopted 
by  the  use  of  extra  switches  in  the  motor  controller  or  by  the  addi- 
tion of  a  field  change-over  switch  similar  to  the  reverser  switch. 
(See  Fig.  34.) 

Range  of  Speed  Covered  by  Field  ControL  An  article  by  Mr. 
N.  W.  Storer,  Electric  Railway  Journal,  1913,  states  that  the 
range  of  speed  that  may  be  covered  by  car  field-control  equip- 
ments is  usually  from  15  to  25  per  cent.,  which  may  be  secured 
by  cutting  out  20  to  40  per  cent,  of  the  field  turns.  This 
article  also  states  that  it  will  generally  be  found  most  econom- 
ical to  have  the  speed  of  the  motor  with  the  short  field  20  to 
25  per  cent,  higher  than  with  the  full  field.  The  extent  to  which 
field  control  may  be  carried  depends  largely  on  the  average  voltage 
between  commutator  bars.  With  a  comparatively  high  average 
voltage  between  adjacent  commutator  bars  the  weakening  of  the  field 
may  not  be  carried  so  far  without  materially  affecting  commutation 
as  may  be  with  a  low  average  voltage  between  bars  or,  in  general, 
of  two  motors  wound  for  the  same  voltage,  the  one  having  the 
greater  number  of  commutator  bars  will  commutate  satisfactorily 
over  the  greater  range  with  field  control.  On  the  Pennsylvania 
locomotives  the  field  turns  are  reduced  50  per  cent,  in  three  steps 
on  the  controller  and  there  are  eight  running  notches. 

Advantages  of  Field  ControL  Advantages  gained  through  the 
use  of  field  control  may  be  outlined  as  follows:  A  saving  in  energy 
is  brought  about,  motors  equipped  with  field  control  will  operate 
satisfactorily  in  both  city  and  interurban  service,  a  smaller  motor 
may  be  used  for  a  given  service,  more  running  speeds  are  made 
possible,  and  where  service  is  infrequent  and  where  field  control  is 
used,  maximum  power  requirements  are  reduced. 

Energy  Saving.  The  full  field  is  used  during  the  straight  line 
acceleration  period  and  the  field  control  is  used  instead  of  the  last 
resistance  step,  thus  the  control  resistance  is  cut  out  at  a  compara- 
tively low  speed  and  a  saving  in  rheostatic  losses  is  thereby  brought 
about.  By  the  field  control  the  train  may  be  brought  to  the  same 
maximum  speed  as  would  be  attained  without  field  control,  con- 
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sequently,  braking  losses  need  not  be  increased.  The  following 
data  are  from  a  table  of  a  series  of  tests  made  on  cars  of  the  Metro- 
politan Street  Railway  Co,,  New  York: 


Test 
No. 

Weight  of 

loaded 
car,  tons 

Gear 

ratio 

Stops 
per 
mile 

Slow- 
downs 
per 
mile 

Average 

length 

of  stop, 

seconds 

Schedule 

speed, 

miles 

per  hour 

Watt-hours 
per   ton 
mile 

2 

4 

19,729 
19.714 

5.12 
S.12 

6.778 
6.881 

3.08 
356 

7.76s 
7.33s 

7.261 
7.409 

141-63 

124.41 

The  number  of  stops  per  mile  and  the  other  service  conditions  were 
practically  the  same  in  both  tests,  but  in  test  No.  4  full  use  was  made 
of  field  control  in  both  series  and  parallel;  40-h.p.  motors  were  used 
in  both  cases.  A  comparison  of  tne  watt-hours  per  ton  mile  shows  a 
saving  in  energy  of  1 2.2  per  cent,  by  field-control.  A  paper  by  Mr. 
J.  L.  Davis  before  the  Wisconsin  Electrical  Association,  191 2, 
states  that  exhaustive  tests  on  a  two-motor  field  control  equipment 
in  congested  city  service  showed  a  saving  of  12.5  per  cent,  in  energy 
consumption,  or  a  saving  of  $75  to  $100  per  car  per  year  over  a 
similar  equipment  without  field  control.  An  article  by  Mr.  N.  W. 
Stoijer,  Electric  Railway  Journal,  191 3,  states  a  belief  that  in  most 
classes  of  service  the  use  of  properly  designed  field-control  equip- 
ment will  effect  a  saving  of  not  less  than  10  per  cent,  in  the  energy 
consumed  in  operating  cars.  An  article  by  Mr.  J.  L.  Davis,  Elec- 
tric Journal,  19 10,  states  that  the  loss  during  acceleration  of  the 
Pennsylvania  locomotives  is  only  55  per  cent,  of  what  it  would  be 
without  field  control. 

City  and  Intenirbaii  Service.  With  field  control  a  motor  may  be 
given  such  a  high  gear  ratio  that  when  operating  on  fidl  field  a 
sufficiently  high  rate  of  acceleration  and  economical  operation  is 
secured  in  city  service,  •  while  the  same  equipment  run  on  short 
field  will  give  a  satisfactory  speed  in  interurban  service. 

Adaptation  of  Field  Control  to  Existing  Motors.  The  following 
points  on  the  adaptation  of  field  control  to  existing  equipments 
are  from  an  article  by  Mr.  N.  W.  Storer,  Electric  Railway  Journal, 
1913.  In  most  cases  it  is  impossible  to  adapt  field  control  to  city 
service  and  effect  any  considerable  economy.  This  is  especially 
the  case  where  the  motors  are  already  provided  with  the  maximum 
gear  reduction.  In  such  a  case  the  possibility  for  saving  is  very 
Bmited  since  the  standard  motors  are  usually  worked  at  a  fairly 
high  induction  at  normal  accelerating  loads  and  the  induction  can 
be  increased  very  little  by  the  addition  of  extra  turns  on  the  field 
coil.  There  will,  therefore,  be  very  little  decrease  in  the  accelerat- 
ing current  and  a  correspondingly  small  decrease  in  speed.  Con- 
sequently, the  saving  in  rheostatic  losses  would  be  very  small  and 
not  enough  to  pay  for  a  change  in  the  equipments.  The  use  of 
fewer  turns  on  the  field  for  obtaining  higher  speed  would  be  of  no 
advantage  whatever  where  the  equipment  is  already  geared  for  speed 
as  high  as  is  required.  To  get  the  advantage  from  field  control  in 
slow  city  service,  motors  must  be  wound  for  slower  armature  speed 
than  is  ordinarily  used  for  standard  motors.  This  will  in  most 
cases  require  new  armature  windings.    Where  interpole  motors 
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are  now  used  with  large  pinions  the  advantages  of  field  control 
can  be  secured  in  most  cases  by  an  increase  of  the  gear  reduction, 
a  change  in  the  field  winding  and  by  making  the  necessary  changes 
in  the  control  equipment.  These  changes  in  most  cases  cost  so 
much  as  to  be  prohibitive  unless  made  at  a  time  when  gears 
are  to  be  changed  and  motors  overhauled.  It  should  be  kept  in 
mind,  however,  when  new  equipments  are  bought  and  when  all 
the  advantages  may  be  secured  at  a  minimum  cost. 

Field  control  with  non-conmiutating-pole  motors  cannot  be 
recommended,  as  it  will  result  in  most  cases  in  trouble  with 
commutation. 

Any  well-designed  commutating-pole  railway  motor  may  be 
adapted  for  field  control  by  a  proper  arrangement  of  its  field  wind- 
ings. To  get  the  full  benefits,  however,  the  gears  must  be  properly 
selected.  For  interurban  work  the  benefits  of  field  control  may 
be  secured  by  the  use  of  standard  high-speed  armatures  with  a 
larger  gear  reduction  than  usual.  In  most  cases,  also,  sufficient 
space  is  available  to  permit  the  extra  field  winding  to  be  used. 
Special  armatures  for  use  with  field  control  are  necessary  only  for 
cases  where  the  slowest  speeds  and  the  maximum  gear  ratio  are 
required.  It  will  usually  be  found  that  where  a  motor  of  a  given 
size  is  used  in  dty  service  with  the  maximum  gear  reduction  and  the 
usual  series-parallel  control  a  slower  speed  armature  may  be  used 
with  the  same  motor  frame  and  will  make  the  same  schedule  with 
a  lower  energy  consumption  when  field  control  is  employed. 

The  motor  will  have  a  lower  horse-power  rating,  but  the  current 
used  will  be  ^correspondingly  less,  and,  consequently,  the  motor 
will  have  no  more  loss  in  it  than  with  the  motor  of  higher  speed 
with  a  larger  rating.  In  other  words,  the  use  of  field  control  permits 
the  use  of  a  motor  of  a  smaller  rating  for  a  given  service.  Where 
the  maximum  gear  ratio  is  used  in  botb  cases,  the  same  size  of 
frame  must  be  used.  However,  where  the  gear  reduction  can  be 
increased  for  the  field-control  motor  it  will  frequently  be  found 
that  a  smaller  size  of  motor  can  be  used  at  a  lower  first  cost  and 
with  less  weight  to  be  carried  around.  A  double  saving  will  thus 
be  effected. 

Single-phase  Series  Motor  Control 

The  single-phase  series  motor  is  controlled  by  adjusting  the 

electromotive  force  applied  to  the  motor. 
The  three  methods  of  making  this  adjust- 
ment are:  (i)  By  resistance  in  series  as 
in  ordinary  direct-current  series  motor 
control.  (2)  By  compensator.  (3)  By 
induction  regulator.  The  latter  two  are 
more  efficient  than  the  first  because  by 
their  use  the  heavy  resistance  losses 
which  would  occur  in  the  resistors  by  the 
former  method  are  saved.  The  second  is  j( 
a  widely  used  method  and  is  generally 
Pig.  36.-Tap  control  for  ^nown  as  the  tap  potential  control  (see 
A.C.  motors.  Fig,  36)  and  the  function  of  the  control, 
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whether  it  be  hand-operated  K  type  or  multiple  unit,  is  to  suc- 
cessively connect  the  motor  terminals  to  transformer  taps  of  in- 
creasing potential  while  starting. 

Hand-operated  ControL  The  hand-operated  control  is  identical 
with  the  type  K  controller  used  with  direct-current  motors, 
except  that  advantage  is  taken  of  the  fact  that  alternating-current 
arcs  of  considerable  size  can  be  broken  in  the  air  without  the  aid 
of  the  magnetic  blowout.  Where  the  cars  are  to  be  operated  from 
both  alternating-current  and  direct-current  trolley  with  the  same 
equipment,  the  hand-operated  control  is  provided  with  magnetic 
blowout  for  direct-current  running,  using  tne  same  controller  with- 
out the  magnetic  blowout  for  alternating-current  running,  unless 
the  motor  equipment  be  of  large  capacity. 

Compensator.  The  compensator  or  single-coil  step-down  trans- 
former is  wound  for  3000,  6000  or  10,000  volts  trolley  potential. 
Upon  its  groimded  side  there  are  several  taps  brought  out  to 
facilitate  starting,  and  it  is  customary  to  connect  two  motors  in 
series  when  operating  alternating  current  in  order  to  approximate 
500  volts  input  and  thus  reduce  the  size  of  the  contact  surface  re- 
quired in  contactors.  The  compensator  is  encased  in  a  corrugated 
iron  case  containing  oil  and  is  self-cooled.  Owing  to  the  fact 
that  the  alternating-current  motor  characteristic  is  more  drooping 
than  that  of  the  direct-current  series  motor,  fewer  starting  points  are 
required  for  alternating-current  control.  The  General  Electric 
Company  uses  five  steps  when  the  speed  does  not  exceed  40  to  45 
miles  per  hour  maximum.  As  each  point 
on  the  controller  with  potential  tap  control 
constitutes  a  running  point  at  ftdl  efficiency, 
it  is  not  necessary  to  use  series-parallel  con- 
nection of  motors  as  is  done  with  direct- 
current  motors.  If  while  passing  from  one 
compensator  tap  to  the  next  without  open- 
mg  the  circuit  the  gap  were  bridged  by  a  | 
connection  of  very  low  impedance,  a  heavy 
current  would  flow  in  the  portion  of  the 
compensator  winding  thus  snort-circuited. 
To  told  this  current  at  a  low  value  an  in- 
ductance or  a  non-inductive  resistance  ^^^  ^^ 
(termed,  in  this  application,  preventive  preventive  coils. 
inductance  and  preventive  resistance,  re- 
spectively) is  placed  in  the  circuit.  Fig.  ^y  shows  the  application 
of  the  inductance  (preventive  coil). 

Reversing.  Reversal  is  effected  by  reversing  the  series  field 
windings  as  in  direct-current  control. 

Power  Operated  ControL  The  master  controller  is  similar  to  the 
direct-current  master  controller.  Its  office  is  to  energize  the  train 
^es  in  proper  sequence.  Current  of  proper  potential  is  obtained 
from  transformer  taps. 

The  contactor  is  similar  to  the  direct-current  contactor,  except 
that  it  is  designed  for  operation  on  both  alternating  current  and 
direct  current,  and  therefore  has  its  magnetic  parts  laminated. 
These  contactors  connect  the  motors  with  transformer  taps  or  with 


Fig.  37. — Tap  control 
for    A.C.    motors,    with 
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sta.rting   resistance  grids,  depending  upon   the  character  of   the 
supply  current. 

Combined  Altenutli^-  and  Direct-Cuireiit  Contitd.    (Fig.  3S.) 

Owing  to  the  fact  that  altemating-current  series  motors  are  wound 

for  potentials  of  approximately  225  volts  per  motor,  and  that  such 

motors  in  order  to  meet  the  ex- 

LS  of  commercial  operation 


equired  to  perfor 


some  additional  features  in  control  are  requii 
double  service  of  alternating-current  and  direct-current  control. 
When  both  alternating-current  and  direct-current  running  are  to  be 
accomplished  with  the  same  control  it  is  necessary  to  efiect  the 
following  changes  when  changing  from  alternating  current  to  direct 
current  and  vice  versa. 

Change  main  line  fuses  or  circuit-breakers. 

Change  lightning  arresters. 

Change  motor  field-winding  connections. 

Change  transformer  taps  to  resistance  taps. 

Incidental  changes  in  car-wiring  o ' 
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To  effect  these  changes  with  a  minimum  amount  of  delay,  all  the 
necessary  contacts  are  concentrated  upon  one  cylinder  in  an 
auziliary  controller,  so  that  a  single  movement  will  effect  all  changes 
simultaneously. 

Regaining  Coil,  In  changing  from  alternating-current  to  direct- 
current  trolley  and  vice  versa,  it  is  necessary  to  guard  against  the 
possibility  of  wrong  connections  upon  the  car  for  the  current 
received,  that  is,  to  prevent  disaster  should  connections  be  made  for 
6oo-volt  direct-current  operation  and  accidental  contact  be  made 
with  high  voltage  alternating  trolley.  To  guard  against  this,  the 
plain  switch  of  the  direct-current,  alternating-current  car  equipment 
is  provided  with  a  retaining  coil  so  designed  that  it  will  open  when 
the  motor  current  i3  interrupted.  Where  alternating-current  and 
direct-current  trolley  sections  adjoin,  a  dead  section  is  left  between 
the  two  for  a  length  not  exceeding  a  car  length,  so  that  a  car  may 
pa^  from  one  section  to  the  other  at  full  speed,  in  which  case  the 
main  car  switch  opens  on  the  dead  section  through  lack  of  power  to 
operate  the  retaining  coil,  and  will  reset  automatically  for  alternat- 
ing-current or  direct-current  operation  as  the  case  may  be,  after 
leaving  the  dead  section. 

Connections  to  Air  Compressor.  The  air  compressor  is  geared 
to  a  single-phase  motor  woimd  for  operation  with  500  volts  alternat- 
ing current  or  direct  current,  and  it  is  customary  to  wind  the  motor 
fidds  in  two  parts  connected  in  multiple  for  alternating-current  and 
in  series  for  direct-current  running,  these  changes  being  effected 
through  the  medium  of  the  commutating  switch. 

Inductioii  Regulator.  Due  to  great  weig^,  low  power  factor  and 
l^k  of  simplicity  as  compared  with  the  tap  potential  method,  the 

induction  regulator  method  is  at  a 
disadvantage  in  controlling  alternating- 
current  traction  motors.  The  induc- 
tion  regulator  is  a  special  type  of  trans- 
I  jO — I  gggg*^  ^^^  former,  so  arranged  that  one  winding 
|)0-t-^oo5(^^         I  may  be  adjusted  relative  to  the  other, 

i)o    1^  OfWRn    mechanically.     It  is  commonly  built 

U^     ^^>w  VI— J    iij^g  g^jj  induction  motor  having  a  coil- 

wound  rotor  and  a  very  short  air  gap 
which  is  permitted  since  there  is  little 
motion   and  negligible  bearing   wear. 
Fig.  39.--induction  regula-    The   rotor   winding  is  generally   the 
tor  control.  primary.      The  primary  is  connected 

across  suitable  taps  of  the  transformer,  and  the  secondary,  in 
series  with  the  motor,  is  also  connected  across  suitable  trans- 
former taps  (see  Fig.  39).  The  electromotive  force  induced  in 
the  secondary  of  the  regulator  due  to  the  current  in  the  primary 
piay  be  adjusted  by  turning  the  coils  relative  to  each  other,  and 
It  may  be  made  to  buck  or  boost  the  electromotive  force  applied 
to  the  motor,  from  the  transformer  directly,  by  any  amoxmt  witJiin 
the  range  of  the  regulator.  Thus  the  net  electromotive  force  applied 
at  the  motor  terminals  is  adjusted.  On  the  single-phase  loco- 
motive of  the  Dessau-Bitterf eld  line  of  the  Prussian-Hessian  State 
Railway  gradual  change  of  voltage  is  obtained  by  means  of  an 
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induction  regulator  which  covers  a  range  of  one  step  on  the  main 
transformer.  The  first  position  of  this  regulator  lowers  the  trans- 
former voltage  by  one-half  step.  On  turning  the  induction  regu- 
lator the  voltage  reduction  gradually  drops  to  zero;  that  is  to  say, 
the  resultant  voltage  is  the  mean  value  between  the  two  successive 
transformer  taps.  As  the  turning  is  continued  the  regulator  de- 
livers a  rising  additional  voltage  which  gradually  reaches  the  value 
of  one-half  step  and  thus  equals  the  next  higher  step  on  the  trans- 
former. In  this  way  the  voltage  changes  from  step  to  step  are 
made  without  shock.  The  switching  from  one  step  of  a  transformer 
to  the  next  is  automatically  obtained  by  means  of  a  switch  which  is 
coupled  to  the  induction  regulator.  The  small  single-phase  motor 
which  is  used  for  turning  the  induction  regulator  is  cut  out  auto- 
matically as  soon  as  th€  voltage  of  the  traction  motor  has  reached 
its  highest  or  lowest  value  as  the  case  may  be.  This  small  motor 
and  the  various  contactors  in  the  motor  circuit  are  operated  by  low 
voltage  current  taken  from  the  main  transformer. 

Three-phase  Xaduction  Motor  Control 

The  three  general  methods  of  controlling  the  speed  of  a  three- 
phase  induction  motor  are  (i)  rheostadc;  (2)  changing  the  number 
of  primary  poles;  (3)  cascade  operation.  The  first  method  is  used 
in  connection  with  the  other  two,  at  least  during  the  straight  line 
acceleration  period. 

Reversing.  A  three-phase  induction  motor  may  be  reversed  by 
interchanging  two  of  the  three  leads  which  supply  the  energy  to 
the  primary  windings  of  the  motor. 

Rneostatic  ControL  In  this  method  the  proper  tractive  effort 
during  the  straight  line  acceleration  period  is  secured  by  add- 
ing resistance  to  the  secondary  winding  of  the  induction  motor. 
For  railway  work  the  windings  of  the  secondary  are  brought  out  to 
slip  rings  and  the  added  resistance  in  the  form  of  grids  or  liquid  is 
external  to  the  motor  circuit.  The  grid  resistance  is  cut  out  in 
steps  as  the  motor  speeds  up  and  is  short-circuited  at  the  last  step. 
Where  liquid  resistance  is  used,  its  value  is  reduced  steadily,  thus 
securing  a  steady  acceleration.  The  electrodes  which  dip  into  the 
liquid  are  held  stationary  and  in  the  process  of  reducing  the  re- 
sistance, the  level  of  the  liquid  is  raised  by  compressed  air,  the 
influx  of  which  is  regulated  by  an  air  valve  controlled  by  a  magnet 
in  the  motor  circuit.  Finally  the  resistance  is  automatically  short- 
circuited  by  a  switch  governed  by  a  float.  To  return  the  resistance 
to  its  starting  value  the  liquid  is  depressed  by  air  pressure.  Ordi- 
narily the  secondary  winding  of  the  motor  is  three-phase;  the  ex- 
ternal control  resistance  is  star  connected  and  is  customarily  kept 
balanced  throughout  adjustment.  With  a  view,  however,  to  simpli- 
fying apparatus  this  external  resistance  is  sometimes  imbalanced. 
Such  imbalandng  is  used  in  the  control  of  the  four  motors  which 
drive  each  of  the  115-ton  locomotives  operating  through  the 
Cascade  Mountain  tunnel  on  the  Great  Northern  Railway.  Each 
motor  is  three-phase,  25-cycle,  500-volt,  475-h.p.  with  a  gear  ratio 
4.26  driving  60-in.  wheels.  The  following,  relative  to  this  par- 
ticular installation,  is  from  a  paper  by  Dr.  Cary  T.  Hutchinson, 
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A.I.E.E.,  1909:  "The  control  system  of  each  motor  is  separate; 
the  circuits  branch  from  the  transformer  and  are  independent 
through  the  resistance.    There  are  14  contactors  in  each  motor 

circuit,  56  in  all Iron  grid  resistances  are  provided  for 

each  motor;  there  are  thirteen  steps  in  the  control,  but  in  order  to 
reduce  the  number  of  contactors  to  the  lowest  possible  point  an 
uns3anmetrical  system  is  used.  A  change  is  made  in  the  resistance 
of  one  phase  only,  in  passing  from  step  to  step.  This  arrangement 
in  efifeet  treats  the  three-phase  circuit  as  a  single-phase  circuit;  on 
each  step  of  the  control  the  torque  is  the  average  of  the  three 
values  of  the  torque  of  the  separate  circuits.  The  principal  advan- 
tage of  this  is  that  56  contactors  do  the  work  that  would  otherwise 
require  128,  thus  effecting  a  great  gain  in  the  simplicity  of  the 
control  apparatus." 

Because  of  the  resistance  loss  in  the  added  external  resistance  in 
the  secondary  circuit  the  rheostatic  method  of  induction  motor  con- 
trol is  inefficient.  The  net  mechanical  energy  output  of  the  motor 
is  equal  to  the  energy  input  to  the  secondary  of  the  motor,  diminished 
by  this  secondary  copper  loss  at  that  instant. 

Changing  the  Number  of  Primaiy  Poles.  (See  page  268  for  a 
method  of  determining  synchronous  speed.)  A  motor  may  be 
arranged  so  that  the  number  of  its  primary  poles  may  be  changed, 
thus  giving  more  than  one  efficient  running  speed.  The  number  of 
poles  may  be  changed  by  re-grouping  the  coils  of  the  motor  pri- 
mary winding  or  by  using  an  independent  primary  winding  for 
each  number  of  poles  desired.  The  re-grouping  method  is  generally 
preferable  because  in  its  application  all  the  motor  primary  wind- 
ings are  used. 

Cascade  Operation  (Also  referred  to  as  Tandem  Control  or  Con- 
^tenation).  A  great  many  variations  are  possible  in  concatena- 
tion. In  railway  work  two  motors  are  used.  Two  motors  may  be 
operated  in  direct  concatenation  to  give  half  speed  and  then 
operated  in  parallel  to  give  full  speed  and  the  advantages  thus 
gained  will  be  analogous  to  those  gained  in  series-parallel  control 
of  direct-current  motors.  Concerning  concatenation  the  following 
useful  comparison  is  drawn  by  Mr.  B.  G.  Lanrnie,  Electric  Journal, 
1900:  "This  corresponds  to  two  or  more  direct-current  shunt  motors 
with  their  armatures  connected  in  series.  If  both  armatures  are 
wound  for  equal  speeds,  then  the  tandem  or  series  connections 
give  half  speed,  as  with  the  alternating-current  motor.  If  one 
direct-current  armature  is  wound  for  a  higher  speed  than  the  other, 
which  corresponds  to  two  alternating-current  motors  with  different 
numbers  of  poles,  then  four  speeds  may  be  obtained  corresponding 
to  the  windings  connected  cumulatively,  differentially  and  to  each 
motor  used  separately.  This  corresponds  to  the  four  speeds  of  the 
alternating-current  combination  where  two  motors  have  different 
numbers  of  poles  and  are  connected  in  tandem  to  give  speeds  corre- 
sponding to  the  sum  or  difference  of  the  number  of  poles  or  are 
operated  separately." 

For  concatenation  of  two  motors  for  railway  service,  the  rotors 
of  the  motors  are  mechanically  connected,  the  primary  of  the  first 
motor  is  coimected  to  the  supply,  the  secondary  of  the  first  motor 
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is  connected  to  the  primary  of  the  second  motor  and  secondary 
of  the  second  motor  is  connected  to  an  external  resistance  at  start. 
As  the  concatenated  set  speeds  up  the  resistance  in  the  secondary 
of  the  second  motor  is  reduced  and  finally  this  secondary  is  short- 
circuited  just  as  in  the  rheostatic  method  of  control  outlined  above. 
If  the  motors  have  the  same  number  of  poles  and  are  operated  in 
direct  concatenation  they  may,  after  having  reached  their  normal 
maximum  speed  (synchronous  speed  of  the  set  minus  the  slip),  be 
separated  and  each,  having  resistance  inserted  in  its  secondary,  may 
have  its  primary  connected  to  the  supply.  From  this  point  the 
resistance  in  the  secondary  circuits  may  be  reduced  as  in  the  ordinary 
rheostatic  method  of  control  outlined  above,  finally  leaving  the 
secondaries  short-circuited  and  the  motors  operating  in  full  parallel 
on  the  line.    Two  running  speeds  using  both  motors  are  thus  secured. 

Cascade-single  Control.  This  method  is  similar  in  operation 
to  the  method  just  outlined  except  that  the  second  motor  (termed 
the  auxiliary  in  this  use)  is  cut  out  entirely  beyond  the  period  of 
concatenation. 

Cascade-paraliel-single  Control.  This  method  is  between 
the  two  previous  methods  (parallel  and  cascade-single).  The 
motors  have  a  different  number  of  poles  or  the  same  number  of  poles 
with  different  gear  ratios.  This  method  is  similar  in  operation  to 
the  parallel  method  except  that  during  acceleration  beyond  con- 
catenation the  motor  with  the  greater  number  of  poles  reaches 
synchronism  and  is  cut  out  before  the  motor  with  the  fewer  poles 
reaches  its  maximum  running  speed.  If  the  motor  having  the  fewer 
poles  be  cut  out  when  the  one  having  the  greater  number  of  poles  apn 
proaches  synchronism  the  train  will  operate  at  a  running  speed  be- 
tween that  for  the  set  in  concatenation  and  that  for  the  motor  having 
the  fewer  poles  when  running  free  with  its  secondary  short-circuited. 

Combination  of  Concatenation  and  Changing  the  Number  of 
Poles.  If  several  running  speeds  are  desired  this  may  be  accom- 
plished by  changing  the  number  of  poles  in  one  or  both  motors  in 
the  manner  previously  outlined  and  then  proceeding  with  one  of 
the  methods  of  concatenation. 

Synchronous  Speed  of  Two  Concatenated  Motors;  Motors  in 
Direct  Concatenation.  Two  concatenated  motors  are  said  to  be  in 
direct  concatenation  when  they  are  so  connected  that  they  tend  to 
start  in  the  same  directlor:.  The  synchronous  speed  of  a  set  so 
connected  is  given  by: 

^  ^  /X120 

Pi  +  P2 
in  which  S  —  synchronous  speed,  revolutions  per  minute 

/  =  frequency  of  supply,  cycles  per  second 
pi  and  Pi  =  the  number  of  pK>les  per  motor,  respectively. 

Motors  in  Diferential  Concatenation,  Two  concatenated  motors 
are  said  to  be  in  differential  concatenation  when  they  are  so  con- 
nected that  they  tend  to  start  in  opposite  directions.  The  syn- 
chronous speed  of  a  set  so  connected  is  given  by: 

^^/X  120 

Pl    —    p2 


INSPECTION  OF  CONTROL  APPARATUS  385 

in  which  the  significance  of  the  symbols  is  the  same  as  in  the  pre- 
vious paragraph. 

OVERHAULING  AIHtD  INSPECTION  OF  CONTROL 

APPARATUS 

(A.E.R.E.A.  Miscellaneous  Methods  and  Practices) 

Type  K  Controller.  The  equipment  should  be  given  a  thor- 
ough overhauling  for  every  60,000  miles  of  service  as  follows: 
The  controller  should  be  taken  apart,  thoroughly  cleaned,  defective 
parts  replaced,  wood  scraped  and  shellaced  and  other  parts  of  the 
controller  painted  with  insulating  paint.  The  controller  should 
then  be  given  a  break-down  test  of  not  less  than  1500  volts 
alternating  current  for  5  seconds.  With  controllers  in  good  con- 
dition, periodical  inspections  on  a  basis  of  from  300  to  500  miles 
service— -depending  upon  the  conditions  of  operation — will  be  suffi- 
dent  and  the  most  economical.  Careful  attention  should  be  given 
to  the  fit  of  the  controller  and  reverse  handles  on  spindles. 

Inspection  of  GE  Type  M  Multiple-unit  Control  Apparatus. 
Master  Controller,  Examine  the  master  control  fingers,  trjdng 
tension  of  fingers  and  polishing  cylinder  and  fingers  to  secure  good 
contact.  Scrape  carbon  dust  from  arc-deflector  division  plates. 
Wipe  dust  off  inside  of  cover.  Examine  controller  throughout 
for  loose  connections  and  see  that  each  finger  is  adjusted  to  make 
good  contact.  Lubricate  fingers  and  cylinder  with  small  amount 
of  vaseline.  Press  down  button  on  controller  handle  to  see  that 
the  auxiliary  fingers  make  proper  contact,  and  polish  up  the  same 
when  necessary.  Oil  sparingly  the  shaft  bearings  of  cylinder 
anid  reverser  switch.  Wipe  off  excess  lubricant,  especially  around 
the  blow-out  coil.  When  finished,  try  on  each  point  to  see  if 
contactors  pick  up  properly,  also  throw  reverser  two  or  three  times. 
Blow  out  controller  with  air  hose. 

Contactor s.  Scrape  arc  chutes  clean  of  carbon  and  copper  dust 
and  examine  the  tips,  filing  up  any  that  are  blistered  to  make  sure 
of  good  contact  on  all.  Press  up  under  contactor  fingers  to  see  if 
bottom  tip  wipes  or  travels  on  top  tip  at  least  one-eighth  of  an  inch. 
If  tip  is  worn  thin  or  so  as  to  give  less  than  one-eighth  of  an  inch 
wipe  renew  the  tip.  Try  all  screws  which  secure  the  tips  to  the 
contactor  arms,  making  sure  that  all  screws  are  absolutely  tight. 
Examine  for  loose  connections  and  try  all  screws  and  bolts  to  make 
sure  that  they  are  all  tight.  A  long  screw-driver  arranged  to 
turn  it  with  a  wrench  at  bottom  is  desirable  for  this  purpose. 
Inspect  interlock  fingers  and  polish  up  tips  to  insure  good  con- 
tact. If  interlocks  are  bent  out  of  shape,  bend  back  into  such 
shape  as  to  make  proper  contact.  Examine  all  shunts  to  see  that 
none  are  partly  broken  or  any  in  such  condition  that  they  will 
not  have  full  carrying  capacity,  thus  preventing  danger  of  burning 
the  hinge  pins.  See  that  contactors  will  lift  sharply  on  each  point 
and  drop  freely  when  controller  is  shut  off.  Before  shutting  the 
contactor  box  take  air  hose  and  blow  out  the  contactors  and  box 
thoroughly  clean. 

Reversers.  Try  all  screws  to  finger  and  connections  to  see  that 
they  are  tight.  Examine  all  fingers,  filing  fingers  and  contacts  to 
25 
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insure  a  good  contact.  Feel  tension  on  each  finger,  and  renew 
if  finger  has  been  heated  and  softened.  Make  sure  that  each  finger 
will  make  square  and  firm  contact  with  segments.  Wipe  off  all 
segment  blocks,  and  if  there  is  any  indication  of  shorting  across 
between  segments  remove  segment  block  and  replace  with  one 
that  has  been  cleaned  up  and  varnished.  Throw  rocker  by  hand 
a  few  times  to  see  that  the  fingers  wiQ  not  catch.  Throw  reverser 
electrically  a  few  times  to  see  that  it  throws  with  strength  and 
promptness  without  undue  arcing  and  without  rebound.  When 
reverse  finger  is  not  making  good  contact  it  can  sometimes  be 
detected  by  tapping  the  finger  with  a  screw-driver  handle  or  by 
placing  a  thin  strip  of  paper  between  the  finger  and  the  contact 
and  noting  the  way  the  paper  pulls. 

Overhauling   I^pe   M   Multiple-tmit    Control   Apparatus 

Overhauling  should  be  on  a  60,000-mile  basis  as  follows: 
All  coils  removed  from  the  contactor,  reverser  and  circuit-breaker; 
boxes  thoroughly  cleaned  and  painted  with  an  insulating  paint. 
Interior  of  boxes  cleaned  and  painted;  contact  strips  between  coil 
frames  inspected  for  loose  contacts;  all  working  parts  thoroughly 
inspected  and  worn  parts  replaced  when  necessary;  wires  inside 
of  contact  box  thoroughly  painted  and  when  reassembled  given  an 
insulation  test  of  1500  volts  alternating  current.    It  would  then 
seem  that  periodical  inspections  on  a  basis  of  from  600  to  900 
miles  of  service  would  be  satisfactory. 

The  following  points  are  suggested  as  requiring  attention  at 
such  times.  Examine  for  broken  shunt  straps  and  broken  hii\ge 
pins.  See  that  interlocks  are  properly  adjusted  and  that  small 
arcs  do  not  form  between  the  fingers  and  disks,  thereby  burning 
finger  and  disk,  which  would  eventually  cause  a  defective  contact 
at  this  point  and  a  dead  car.  Clean  the  disk  and  finger  with  fine 
emery  cloth.  Keep  the  arc  chutes  and  plates  clear  of  all  copper 
caused  by  contactors  breaking  current.  See  that  all  connections 
are  tight.  See  that  springs  are  not  broken  and  are  in  good  order 
insuring  good  contact  when  closed.  See  that  plungers  do  not 
bind  and  that  contactors  break  free  when  the  current  is  thrown 
off.  Contact  plates  should  hot  be  worn  so  low  that  screws  hold- 
ing them  are  burned.  Blow  out  contactor  box  with  compressed 
air.  Note  condition  of  wiring  in  the  box.  Clean  the  master  con- 
trol cylinder  and  use  a  small  amount  of  vaseline  on  the  fingers. 
See  that  the  handle  is  of  proper  fit  and  works  perfectly  free.  The 
adjustment  of  controller  should  be  looked  after  very  carefully,  as 
there  are  no  adjustment  screws  on  the  contact  fingers.  Note  con- 
dition of  throttle.  Clean  throttle  disks  and  fingers  and  see  that 
adjustment  nuts  are  not  loose.  Do  not  clean  throttle  plunger  un- 
less it  shows  signs  of  sluggishness.  Great  care  must  be  taken  when 
cleaning  plunger.  Clean  reverser  and  note  adjustment  and  condi- 
tion of  plates  and  fingers  and  that  the  reverse  throws  in  properly. 
Use  no  oil  or  grease  on  contactor  or  reverser  finger  or  plates.  A 
great  deal  depends  on  the  close  adjustment  of  interlocks.  All 
bearings  on  contactors  and  interlocks  must  be  made  loose. 
When  a  contactor  box  becomes  coated  inside  with  a  yellow  coating 
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caused  by  the  burning  of  copper,  short  circuits  are  very  likely  to 
occur  if  this  is  not  cleaned  off. 

Overliauling  Electropneiunatic  Control  Apparatus.  Overhauling 
should  be  on  a  60,000-mile  basis  as  follows: 

Clean  the  drum  and  adjust  fingers  of  master  switch;  inspect  cab 
switch  terminals  and  see  that  they  are  held  rigidly  and  no  strands  of 
wire  are  broken.  Repair,  clean  and  carefully  adjust  line  relay, 
limit  switch  and  battery  relay.  Limit  switch  should  be  adjusted 
with  ammeter.  Take  apart,  clean,  scrape  and  shellac  drums  of 
naotor  cut-out  switch  and  reverser;  replace  any  parts  that  will  not 
make  the  mileage  and  adjust  the  finger  tension.  Strip  switch 
groups  of  all  magnets,  switch  arms  and  moving  parts,  replace 
worn  parts  when  necessary.  Replace  worn  or  broken  arc  shields; 
adjust  all  magnet  valves  to  operate  at  proper  voltage;  replace 
defective  shunts;  adjust  and  clean  all  interlocks  and  interlock 
fingers;  examine  all  insulation  and  make  as  good  as  new;  examine 
piston  leathers  and  see  that  they  are  flexible  and  replace  those  badly 
worn.  Storage  batteries  should  be  deaned  of  sediment  and  add 
strength  adjusted.  Grid  diverters  should  be  deaned,  the  insula- 
tion renewed  where  necessary,  and  all  connections  tightened. 
Control  jumpers  should  be  tested  by  passing  7  amperes  of 
current  through  them  for  3  minutes,  at  the  same  time  giving 
jumper  the  same  motion  that  it  has  when  in  service.  Clean  and 
adjust  dfcuit-breaker;  thoroughly  blow  out  all  piping  and  air 
chambers  connected  with  the  control. 

On  short  period  inspection  the  following  is  the  practice  on  a  road 
having  inspection  periods  based  on  a  600-mile  service. 

Master  Switch.     Clean  and  lubricate  every  tenth  inspection. 

Cab  Switches.    Inspect  terminals  every  inspection  day. 

Close  jaws  of  cab  switch  to  fit  tight  each  inspection  day. 

Line  Relay  and  Limit  Switches.  Clean  with  crocus  cloth  each 
tenth  inspection.    Inspect  connections  each  inspection  day. 

Motor  Cut-off  Switch  and  Reverser.  Inspect  finger  tension  and 
oil  drum  contactor  each  second  inspection  and  feel  the  terminals 
to  see  if  the  wires  are  O.K. 

Inspect  interlocks  each  twdfth  inspection. 

Oil  reverser  switch  toggle  each  tenth  inspection. 

Circuit-breaker  and  Switch  Group.  Clean  armature  and  valves 
each  tenth  inspection.  Inspect  contacts  each  inspection  day. 
Clean  arc  chutes  each  inspection  day.  Blow  out  with  compressed 
air  all  switches  and  grid  diverters  each  third  inspection.  Inspect 
all  grid  diver ter  connections  and  oil  all  pistons  each  inspection 
day,  see  that  all  terminus  are  tight  and  inspect  wires.  Wipe  off 
insulators.  Inspect  shunts  and  battery  connections  each  inspec- 
tion day.  Add  distilled  water  to  take  care  of  evaporation  when 
necessary.  Test  specific  gravity  each  thirtieth  inspection  day. 
Test  battery  relay  and  inspect  terminals  of  battery  switches  each 
inspection  day. 

Cost  of  Maintenance  and  Inspection  of  Multiple-ttnit  Control 
Apparatus.  The  following  is  from  the  191 2  report  of  the  Joint 
Committee  on  Train  Operation,  A.E.R.E.A.:  "In  determining 
the  figures  for  the  cost  of  maintenance  for  control  and  miscellaneous 
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electric  apparatus,  the  Committee  encountered  the  greatest  diffi- 
culty, particularly  in  the  maintenance  where  multiple-unit  control 
is  involved,  and  after  looking  over  the  figures  obtained  from  com- 
panies using  multiple  unit,  the  Committee  came  to  the  conclusion 
that  there  was  no  actual  comparable  data  on  which  they  could 
base  the  maintenance  figures  for  this  type  of  control.  After  a 
large  amount  of  time  was  consumed  in  the  discussion  of  this  subject, 
the  Committee  decided,  in  conjunction  with  representatives  of 
the  manufacturers,  that  an  increase  of  50  per  cent,  be  made  for 
the  maintenance  of  multiple-unit  control  over  that  of  K  control, 
these  figures  applying  to  congested  city  service.  The  manufac- 
turers do  not  admit  that  maintenance  of  multiple-unit  control  will 
be  50  per  cent,  over  that  of  K  control,  but  this  is  a  comparatively 
small  percentage  of  the  total.'' 

Cost  of  Maintenance  per  1000  Car  Miles  of  Multiple-unit  Control 
i^paratus.    The  following  are  from  the  Question  Box,  Aera,  191 2: 

Wnt,  G,  Gove,  SupL  of  Equipment^  Brooklyn  Rapid  Transit 
System^  Brooklyn,  N.Y. 

Total  cost  of  maintaining  multiple-unit  control 

apparatus,  fiscal  year  191 1-12 $54.068 .  33 

Total  car  mileage,  fiscal  year  1911-12 34,078.709.00 

Cost  per  car  mile $0 .  00158 

Of  the  928  cars  included  in  the  above,  660  of  these  are  motor  cars 
and  268  are  trailer  cars.  The  above  costs  include  the  maintenance 
of  the  actual  control  equipments,  as  well  as  car  wiring,  resistance, 
etc.,  but  do  not  include  the  train  line  or  bus  line  jumpers,  the 
maintenance  of  these  being  charged  to  Operation.  I  might  add 
that  the  cars  equipped  with  the  multiple-unit  control  system  aie 
operated  on  our  elevated  lines. 

E.  F.  Gould,  Asst.  to  Gen,  Mgr.,  Aurora,  Elgin  and  Chicago 
Electric  Railroad  Co.,  Wheaton,  III.  Cost  of  maintenance  per 
1000  car  miles  of  multiple-unit  control  apparatus: 

Fiscal  year  1910-1 1 $b .  857 

Fiscal  year  191 1-12 0.841 

Control  consists  of  one  G  E  type  M,  electrically  operated  reverser 
and  13  electrically  operated  contactors  for  each  pair  of  GE-66  motors. 
Some  of  the  cars  have  two-motor  equipments  and  some  four-motor 
equipments,  but  the  following  table  is  on  the  basis  of  two  motors 
with  one  set  of  contactors  and  reverser  forming  one  equipment. 

Age  of  Equipment 

20  equipments 10  years 

28  equipments 9  years 

16  equipments 5  years 

14  equipments 3  years 

3  equipments i  year. 

Total,  eighty  eqmpments  in  service  on  forty-seven  motor  cars. 
In  addition  there  are  eight  trail  cars  each  equipped  with  two  C-21 
controllers,  bus  line  and  control  line  coupler  with  cables.  The  costs 
given  include  all  maintenance  costs  with  C-21  master  controllers, 
of  which  there  are  two  on  every  car,  also  on  the  bus  and  train  line 
sockets,  and  jumpers  with  fuses  and  connection  boxes,  but  no  wiring. 
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L.  M.  Clarkf  Master  Mechanic,  Terre  Haute,  Indianapolis  & 
Eastern  Traction  Co.,  Indianapolis,  Ind.  Our  maintenance  cost 
per  looo  cax  miles  for  Westinghouse  Unit  Switch  Control  of  the 
AB  or  automatic-battery  type,  based  on  the  record  of  the  6  months 
ending  June  30,  1912,  is  $1,243.  This  figure  includes  all  labor  and 
material  involved  in  the  maintenance  of  the  control  apparatus, 
including  the  grid  resistors  and  control  cables,  comprising  fifteen 
quadruple  equipments  of  90-h.p.  motors  operating  in  high-speed 
interurban  service  for  a  total  period  of  6  years.  We  consider  this 
cost  somewhat  high,  which  is  attributable  to  the  labor  costs  inci- 
dental to  the  comparatively  small  number  of  equipments,  as  our 
present  facilities  are  capable  of  taking  care  of  approximately  twice 
the  number. 

Wear  of  Multiple-unit  Switch  Fingers.  In  an  article  by  Mr. 
Clement  F.  Street,  Electrical  Journal,  1906,  it  is  stated  that  multiple- 
unit  switch  fingers  have  been  subjected  to  most  severe  tests  and 
several  of  them  have  broken  the  current  to  which  they  are  subjected 
in  service  one  hundred  thousand  times  without  being  worn  out. 


SECTION  VI 

CURRENT-COLLECTING  DEVICES 

Composition  of  Trolley  Wheels.  (A.E.R.E.A.,  Miscellaneous 
Methods  and  Practices.)  There  seems  to  be  no  good  reason  for  a 
different  qiiality  of  bronze  for  wheels  in  city  service  from  those  in  in- 
terurban  service.    Among  the  formulas  submitted  are  the  following: 

Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Copper..  90.0       copper..  91.0     copper...    91.38    copper 96.0 

Tin 8.0       tin 7.0      tin 6.5      tin 3.0 

Zinc 3.0        sine 1.5      zinc 2.0       phosphor  tin  . .     z.o 

flux 0.5      lead o.Z2 

Trolley  Wheel  Bushings  and  Lubrication.  For  both  city  and 
interurban  service  the  bronze  and  graphite  bushing  is  in  almost 
universal  use,  the  graphite  lubricant  being  supplemented  by  a  few 
drops  of  oil  from  a  squirt  can  at  each  inspection. 

l^rpes  of  Trolley  Wheels.  City  Service,  The  wheel  principally 
used  on  the  larger  dty  systems  runs  to  fairly  uniform  practice, 
being  4^  in.  outside  diameter,  with  a  94-in.  V  groove,  iW  by  H 
in.  bronze  and  graphite  bushing,  and  weighing  from  2  to  4  lb. 
Some  wheels  as  small  as  4  in.  outside  diameter  are  in  use,  but  these 
show  materially  shorter  life  than  wheels  4H  in.  or  larger.  For 
dty  service  a  wheel  of  not  less  than  4^  in.  outside  diameter  is 
recommended  as  the  best  practice.  The  use  oi  a.  iH  by  H 
in.  bushing  is  the  practice  of  a  large  majority  of  dty  roads.  There 
does  not  seem  to  be  much  tendency  toward  a  bushing  longer  than 
iM  in.,  probably  because  such  a  bushing  would  require  a  wider  harp, 
which  would  be  more  hkely  to  damage  the  overhead  line  particu- 
larly at  special  work  if  the  trolley  should  jimip.  It  is  recommended 
that  where  the  trolley  wheel  axle  is  V4-in.  diameter  by  iH-in.  length 
in  hub  proves  to  be  too  small  for  the  service  required  of  it,  its 
diameter,  be  increased  rather  than  its  length. 

Inlerurban  Service,  Data  on  interurban  trolley  wheels  show  a 
rather  wider  diversity  of  practice  than  for  city  wheels  the  outside 
diameter  varying  from  4H  to  8h  in.  In  general,  the  larger  the 
diameter  of  the  wheel  used,  the  better  the  mileage  performance 
shown.  Excessive  weight  of  wheel  is  regarded  as  an  element  of 
danger,  and  it  is  recommended  that  no  trolley  wheel  weigh  more 
than  5  lb.  Also,  that  the  weight  of  harps  equipped  with  trolley 
axles,  contact  springs,  washers,  etc.,  complete,  does  not  exceed  3  lb. 
each,  and  further  the  outside  diameter  of  trolley  wheel  be  not 
less  than  6  in.  Trolley  wheels  for  interurban  service'  having 
axles  ^  by  iH  in.  are  not  regarded  as  the  best  practice,  and  in 
view  of  performance  of  wheels  with  axles  H-in.  to  i-in.  diameter, 
showing  mileage  from  5000  to  7500,  it  is  recommended  that  for 
interurban  service  an  axle  of  not  less  than  ^-in.  diameter  be  used. 
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The  necessity  of  an  absolute  balance  of  wheel  for  high-speed  service 
is  emphasized,  and  as  a  simple  test  for  balance  on  commercial  wheels 
it  is  suggested  that  wheels  to  be  tested  be  mounted  in  harps  and 
the  wheel  held  against  a  rapidly  moving  belt.  If  the  balance  be 
even  slightly  imperfect,  it  will  be  found  impossible  to  hold  the  wheel 
against  the  belt.  It  is  not  recommended  that  an  extreme  type  of 
interurban  wheel  be  used  on  a  city  car  or  vice  versa,  but  where  a 
considerable  number  of  both  interurban  and  city  cars  are  operated 
by  the  same  company  it  has  been  found  desirable,  in  some  cases, 
to  standardize  on  the  same  harp  and  wheel  for  all  cars;  when  this 
is  done  new  wheels  are  given  their  first  wear  on  the  high-speed  inter- 
urban cars,  and  when  partly  worn  and  in  need  of  re-bushing  are 
re-bushed  and  worn  out  on  the  city  lines. 

A  dififerent  opinion  is  given  by  Mr.  John  LindaU,  Superintendent 
of  Rolling  Stock  and  Shops,  Boston  Elevated  Railway  Co.:  "I 
do  not,  however,  agree  on  the  suggestion  with  reference  to 
trolley  wheels,  that  it  is  economical  to  increase  the  life  of  trolley 
wheels  by  using  them  of  large  diameter  on  suburban  lines  and  later 
transferring  them  to  dty  lines.  From  experience  on  our  lines,  I 
am  of  the  opinion  that  in  order  to  maintain  perfect  contact  between 
trolley  wheel  and  wire,  it  is  very  desirable  to  make  the  wheel  and 
outer  end  of  pole  as  light  as  possible,  and  ^n  some  of  our  heaviest 
and  fastest  equipment  we  have  been  able  to  obtain  better  service 
from  a  4-in.  wheel  than  we  have  from  larger  wheels  of  the  same  com- 
position, and  it  may  not  be  out  of  place  to  call  attention  at  this  time 
to  the  desirability  of  having  a  certain  amount  of  spring  in  the  trolley 
pole  where  this  can  be  obtained  without  interference  with  trolley 
wire  at  low  points,  as  a  pole  with  considerable  spring  will  absorb 
shocks  and  more  readily  respond  to  inequalities  (both  vertical  and 
horizontal)  in  wire." 

Life  of  Trolley  Wheels.  The  trolley  wheel  of  the  Indianapolis 
Traction  and  Terminal  Co.  is  6  in.  in  diameter.  The  hub  is  iH  in. 
long,  m  in.  in  diameter  and  the  bore  is.^  in.  Its  composition  is 
88  per  cent,  copper,  10  per  cent,  tin  and  2  per  cent,  of  a  trade  fluxing 
material.  Its  life  varies  from  an  average  of  about  4200  miles  in 
high  speed  interurban  service  on  4S-ton  cars  equipped  with  four 
90-h.p.  motors  geared  for  a  maximum  speed  of  60  niiles  per  hour  up 
to  21,000  miles  in  city  service  on  20- ton  cars  equipped  with  two  6<>- 
h.p.  motors  geared  for  a  maximum  speed  of  27  miles  per  hour.  Mr. 
Charles  A.  Ingle,  Electric  Railway  Journal,  19 14,  states  as  follows: 
"  For  the  past  year  the  Rockford  &  Interurban  Railway,  Rockford, 
111.,  has  been  able  to  average  approximately  10,000  miles  on  its 
trolley  wheels  by  getting  the  maximum  possible  wear  out  of  them. 
We  use  a  6-in.,  4-lb.  wheel  with  a  ^-in.  hollow  shaft,  for  which  we  pay 
$1.05.  The  new  wheels  are  installed  in  interurban  service,  and  as 
they  wear  down  are  transferred  to  dty  car  until  worn  out.  We  had 
much  trouble  at  first  because  the  hub  would  become  badly  worn 
before  the  rim.  Now  when  this  occurs  we  bore  out  the  hub  iH  in. 
scant  and  press  in  a  H-in.  inside  diameter,  iH-in.  outside  diameter 
phosphor-bronze  bushing,  which  is  swaged  at  both  ends  with  a 
tapered  pin  (Ho  in.  taper  to  fit) .  This  makes  the  bushing  tight  in  the 
wheel  and  allows  it  to  run  freely  on  the  H-in.  axle.    At  a  cost  of 
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7  cents  for  labor  and  material  we  frequently  obtain  from  3000  to 
4000  miles  additional  life  from  a  wheels  and  in  all  cases  we  attain  the 
limit  of  wear/*  Other  companies  report  wear  varying  from  2800  miles 
in  interurban  service  to  25,000  or  30,000  miles  in  city  service. 

Trolley  Defects.  The  following  brief  consideration  of  possible 
defects  in  trolley  wheels  is  from  a  paper  by  Mr.  C.  W.  Squier, 
Electric  Railway  Journal,  19 14;  The  greatest  trouble  with  trolley 
wheels  arises  from  the  difficulty  of  securing  satisfactory  lubrication 
and  of  conducting  the  current  from  the  wheel  to  the  harp.  Some 
of  the  most  frequent  defects  are  as  follows:  sides  bent,  broken  or 
chipped;  double  groove;  holes  in  sides;  flat  spots;  bushing  hole  too 
large;  burned  wheels;  sides  loose  and  rim  worn  off. 

Benty  Broken  or  Chipped  Sides.  Bent,  broken  or  chipped  sides 
usually  residt  from  wheels  coming  off  the  wire  and  striking  some 
part  of  the  overhead  construction.  The  number  of  such  troubles 
can  be  reduced  by  proper  attention  to  the  lubrication  of  the  trolley 
stands  so  as  to  insure  their  free  swiveling,  by  making  sure  that  the 
wheels  stand  perpendicular  to  the  car  roof  so  as  to  make  proper 
contact  with  the  trolley  wire,  by  keeping  the  side  bearings  properly 
adjusted  so  as  to  prevent  the  swaying  of  the  car  when  operating  at 
high  speeds,  by  renewing  the  trolley  bushings  and  axles  before  they 
become  imevenly  or  excessively  worn,  and  by  keeping  the  trolley 
tension  properly  adjusted. 

Double  Grooves  or  Holes  in  Sides.  Double  grooves  or  holes  in 
the  sides  arise  from  the  condition  that  the  wheel  is  not  following 
the  wire  properly,  and  this  may  be  due  to  improper  maintenance 
of  the  overhead  construction.  These  defects  also  occur  frequently 
on  cars  that  are  operated  from  one  end  on  lines  with  frequent  curves, 
caused  by  the  wire  riding  the  flange  while  rounding  a  curve.  If 
the  harps  are  not  straight  in  the  poles  so  that  the  wheel  is  maintained 
at  an  angle  to  the  wire,  or  if  the  side  springs  are  weaker  on  one  side 
of  the  car  than  on  the  other  so  that  the  car  body  does  not  rest  level 
when  loaded,  the  trolley  wheels  are  liable  to  wear  unevenly.  When 
a  wheel  is  found  wearing  to  one  side  it  can  be  made  to  wear  straight 
in  some  cases  by  reversing  it  in  the  harp. 

Flat  Spots.  Flat  spots  are  caused  by  the  sliding  of  the  wheel  on 
the  wire  on  account  of  imperfect  rotation.  Flanges  frequently  be- 
come slightly  bent  and  rub  against  the  harp,  or  the  side  springs 
and  washers  may  be  too  tight  or  exert  too  great  pressure  against 
the  side  of  the  wheel.  Flat  spots  usually  start  with  a  very  slight 
slippage  between  the  wheel  and  the  wire,  but  when  a  spot  is  once 
started  it  increases  rapidly. 

Bushing  Hole  too  Large.  Over-sized  bushing  holes  are  caused 
by  lack  of  lubrication  or  by  shunts  and  springs  which  have  1»ecome 
so  worn  and  loose  that  their  pressure  is  too  light  to  properly  con- 
duct the  current  to  the  harp.  A  slight  burning  or  pittmg  results 
from  the  carriage  of  the  excessive  current  through  the  bearing  and 
axle.  This  causes  the  bushing  to  bind  on  the  axle,  and  if  it  is  not 
a  very  tight  fit  in  the  wheel,  rotation  will  take  place  around  the  bush- 
ing instead  of  the  axle.  Under  such  circumstances  only  a  few  trips 
are  required  to  wear  out  the  bushing  hole  in  the  wheel. 

Burned  Wheels  and  Sleet  Troubles.     Burned  wheels  are  caused 
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when  the  wheel  becomes  separated  short  distances  from  the  wire 
so  that  rapid  ardng  and  destructive  burning  take  place.  Sleet 
destroys  the  wheel  very  rapidly  in  this  manner.  At  other  times  it 
is  found  that  if  a  wheel  is  out  of  balance  its  centrifugal  force  as  it 
rotates  wiU  break  the  contact  with  the  wire.  The  trolley  tension 
on  cars  found  with  burned  wheels  should  always  be  tested  care- 
fully. In  sections  where  sleet  storms  are  frequent,  sleet  cutters 
are  used  to  advantage.  On  large  systems,  however,  the  removal  of 
trolley  wheels  and  the  installation  of  sleet  cutters  assume  enormous 
proportions  and  come  as  an  additional  task  for  the  shop  forces  at 
the  very  time  when  they  are  usually  busy  with  snow  equipment. 
Large  city  roads  usually  prefer  to  depend  on  the  frequency  of  the 
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service  to  keep  the  sleet  off  the  wire,  or  they  install  sleet  cutters  on 
but  a  few  cars  of  each  line,  depending  on  these  to  scrape  the  ice 
clean  and  thus  prevent  excessive  burning  on  the  wheels  of  the 
other  cars. 

Sid^  Loo:e  and  Rim  Worn  Off.  Loosened  sides  and  worn 
rims  are  troubles  experienced  with  built-up  wheels  such  as  those 
with  steel  flanges  and  a  copper  center,  and  they  usually  are  due 
to  the  construction  of  the  wheel.  Their  number  can  be  decreased 
by  the  treatment  prescribed  in  the  paragraph  on  ^^  double  grooves  or 
holes  in  sides" 

Trolley  Wheel  and  Harp  Details.  Figs,  i,  2  and  3  give  the 
details  of  standard  troUey  wheels  and  harps  used  by  the  Brooklyn 
Rapid  Transit  System. 
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Current  Carrying  Capacity  of  Trolley  Wheel.  The  following 
values  of  current  carrying  capacities  of  trolley  wheels  when  traveling 
at  various  speeds  are  from  the  Standard  Handbook  for  Electrical 
Engineers.  The  pressure  between  trolley  wheel  and  trolley  is 
assumed  to  vary  from  20  to  40  lb. 

Speed,  miles  per  hr 5       10       20       30       40       50       60 

Current  capacity,  amperes.  1000     850     650     550     400     300     200 

Trolley  Base.  The  functions  of  a  trolley  base  are  to  provide 
so  flexible  a  support  for  the  trolley  pole  that  it  will  have  free 
movement  both  laterally  and  vertically  while  exerting  the  pressure 
necessary  to  keep  the  trolley  wheel  in  contact  with  the  wire.  A 
freely  swiveling  base  is  most  essential  in  order  that  the  trolley  wheel 
may  follow  the  overhead  line.  To  provide  this  extreme  sensi- 
tiveness, roller  and  ball-bearing  bases  have  come  into  general  use. 
Both  types  operate  satisfactorily  when  provided  with  properly 
hardened  parts.  By  using  ball  bearings  a  lower  base  can  be  ob- 
tained than  with  roller  bearings,  but  on  the  other  hand  roller 
bearings  give  greater  wearing  surfaces.  Various  pressure  spring 
arrangements  are  in  use.  Some  bases  have  springs  in  tension  and 
others  have  springs  in  compression.  Further,  some  bases  have  but 
a  single  spring,  while  others  have  a  battery  of  springs.  The  follow- 
ing brief  consideration  of  possible  trolley  base  defects  is  from  a 
paper  by  Mr.  C.  W.  Squier,  Electric  Railway  Journal,  19 14: 

Broken  or  Weak  Springs.  A  spring  which  is  in  tension  breaks 
most  frequently  at  the  end  loops  or  at  the  bend  where  the  loop 
joins  the  first  turn  of  the  spring.  The  number  of  such  breakages 
can  be  reduced  by  keeping  the  parts  over  which  the  springs  hook 
in  good  condition  so  that  the  loops  have  a  maximum  amount  of 
bearing  surface.  By  the  use  of  a  magnifying  glass  one  may  often 
discern  small  cracks  in  new  springs  at  the  bend  from  the  loop  to 
the  first  turn  of  the  spring.  These  cracks  are  evidently  due  to  the 
method  of  manufacture,  and  while  such  springs  are  strong  enough 
to  withstand  heavy  strains,  they  will  ultimately  break  at  these 
fissures.  Springs  are  also  weakened  from  the  gradual  loss  of 
their  ability  to  resist  elongation  or  to  the  compression  which  follows 
the  slow  accumulation  of  a  permanent  set.  In  older  types  of  bases 
the  full  power  of  the  springs  may  not  be  available  for  producing 
tension  at  the  trolley  pole  because  of  excessive  friction  in  such 
parts  as  the  cross-pin  that  forms  the  up-and-down  bearing  for  the 
trolley  pole,  the  cross-head  in  its  guide,  the  side  rod  bearings  which 
carry  the  trolley  spring  pressure  and  the  trolley  springs  themselves 
on  their  guides.  It  is  very  difficult  to  keep  these  parts  lubricated, 
as  rain  forces  the  oil  out  on  the  roof  of  the  car  and  the  windows  and 
sills  often  become  bespattered  and  soiled  from  oil.  In  the  later 
designs  of  stands  an  effort  has  been  made  to  provide  bearings  which 
do  away  with  the  necessity  for  constant  oiling  at  friction  points, 
and  the  designers  have  also  endeavored  to  provide  for  a  uniform 
pressure  of  the  trolley  wheel  on  the  wire  at  different  elevations. 
Tension  springs  are  sometimes  weakened  by  overstretching  them 
during  installation.  One  bad  practice,  for  example,  is  to  force  a 
screw-driver  or  other  sharp  tool  between  the  spirals  of  the  spring 
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and  to  use  this  as  a  lever  to  hook  the  eye  over  its  post.  This  is 
likely  to  force  the  spirals  apart  to  such  a  distance  that  they  will 
not  come  back  to  their  original  position. 

Worn  Bearings  and  Fins.  Worn  bearings  at  various  parts  of  the 
base  are  a  constant  source  of  trouble.  In  a  great  many  cases  the 
desire  to  keep  down  the  weight  has  left  insufficient  material  to 
permit  the  boring  and  bushing  of  worn  bearings.  Some  roads  have 
gone  to  the  expense  of  making  patterns  of  new  castings  which  are 
provided  with  sufficient  material  to  allow  all  wearing  parts  to  be 
bushed.  Fig.  4  illustrates  one  method  of  bushing  a  yoke  to  take 
care  of  excessive  wear. 

Nulf  Bolty  Ball  and  Roller  Troubles.     All  nuts  should  have  lock 
washers,  and  if  difficulty  is  then  experienced,  cotter  keys  should  be 
added.       Where  ball  bear- 
ings are  used,  the  races  are  -H^V 
usually  insulated  from  the 
socket   casting   to  prevent 
them     from    carrying   the 
trolley  current.    Notwith- 
standing   this   precaution, 
the   frequent  discovery  of 
burned  ball  races  and  balls 
shows  that  they  do  carry 
current.     This  action  may 
take  place  in  several  differ- 
ent  ways.     For  instance, 
the    contact    shunts   that 
carry  the  current  from  the 
socket  casting  to  the  base 


Fig.  4. — Bushings  in  trolley  base  yoke. 


plate  occasionally  get  bent  out  of  position  so  that  they  bear  on  the 
race  and  socket  casting  at  the  same  time.  Current  then  passes 
across  the  contact  face  of  the  shunt  to  the  ball  race  and  thence 
through  the  balls  to  the  base  plate,  causing  the  burning  of  the  balls 
and  race.  Moisture  and  dirt  collect  on  the  surface' of  the  insula- 
tion, and  the  current  then  has  an  easy  path  to  the  ball  race.  Again, 
contact  shunts  are  sometimes  torn  off  entirely  and  current  then 
passes  over  the  surface  of  the  insulation  from  the  socket  casting  to 
the  race.  When  new  ball  races  are  installed  care  should  be  taken 
to  see  that  the  lower  edge  of  the  ball  race  does  not  project  beyond 
or  come  flush  with  the  contact  surface  of  the  socket  casting.  This 
precaution  wiU  prevent  the  contact  shunts  from  bearing  on  the 
race,  for  then  they  cannot  touch  the  edge  of  the  race  while  still 
remaining  in  contact  with  the  face  of  the  socket  casting. 

Burned  or  Broken  Shunts  and  Burned- of  Leads  or  Terminals, 
Of  necessity,  trolley  bases  must  be  made  very  low.  As  a  result,  the 
distance  from  the  socket  casting  to  the  base  plate  is  usually  not  more 
than  I  to  iH  in.  This,  then,  is  all  the  space  that  is  available  for 
contact  shunts.  It  is  very  difficult  to  get  in  this  space  a  spring 
which*  is  efficient  enough  to  give  the  necessary  current-trans- 
mitting pressure  of  the  contact  shunt  against  the  socket  casting. 
The  springs  soon  take  a  permanent  set  and  arcing  then  takes  place 
between  the  contact  surface  of  the  socket  casting  and  the  shunt. 
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Fig.  5.— Trolley  base  with 
contact  ring. 


As  a  result,  the  shunt  is  burned  away  or  else  the  contact  surface  of 
the  socket  casting  becomes  so  rough  from  the  arcing  that  the  shunts 
are  torn  off.  The  surface  of  the  socket  casting  iff  thus  destroyed, 
and  in  most  cases  it  is  necessary  to  install  a  new  casting.  Fig.  5 
shows  a  brass  contact  ring  which  was  made  to  screw  to  the  face  of 
the  socket  casting.  As  this  ring  is  of  brass,  it  forms  a  better 
conducting  surface  than  the  steel  casting,  and  if  it  becomes  burned 

it  can  easily  be  replaced  at  small 

expense.     This  ring  also  permits 

y,jM,,,jy//M  -,  T  ( |p;;!^7r7^   the  re-use  of  socket  castings  that 

L       .  „  „1  \  I  LZt  -  -  -  -  ^  have  become  slightly  burned,  since 

'^^^""'^^^^da  ^jj^^^iLH"'''^   ^jjg  lower  face  of  the  casting  can  be 

turned  off  for  the  reception  of  the 
contact  ring.  The  common  form 
of  terminal  used  on  trolley  bases 
consists  of  a  hole  in  a  lug  to  receive 
the  lead.  The  hole  is  provided  with 
set  screws  to  clamp  the  lead  in  place. 
Leads  become  loose  from  the  work- 
ing out  of  the  set  screws  or  because 
the  screws  are  not  tightened  when  a 
new  base  is  installed.  If  the  screws 
stay  in  place,  they  soon  become  so 
rusty  that  it  is  almost  impossible 
to  remove  them  when  it  is  neces- 
sary to  install  a  new  base.  If  the 
leads  become  loose,  the  arcing  thereby  initiated  soon  bums  away 
the  lead  and  terminal.  A  better  form  of  terminal  which  can  be 
quickly  and  easily  removed  consists  of  a  standard  soldered  terminal 
such  as  is  lised  for  the  ground  leads  on  motors.  If  the  trolley  lead 
is  soldered  into  this  properly,  there  is  no  danger  that  the  lead  will 
burn  off  at  this  place.  This  terminal  is  then  bolted  to  the  base 
plate,  where  a  spot-finished  surface  is  provided  to  give  a  good  con- 
tact surface.  • 

Inspection  and  Lubrication  of  Tf  olley  Wheel,  Stand,  Rope  and 
Retriever.    (A.E.R.E.A.  Miscellaneous  Methods 

and  Practices) 

Examine  wheel  and  see  that  bushing  and  hub  or  spindle  are  not 
unduly  worn  and  that  outer  rims  are  not  bent,  nicked  or  worn  out; 
see  that  cotter  keys  holding  spindle  in  harp  are  in  good  condition; 
see  that  contact  springs  and  washers  are  sufficiently  tight  between 
harp  and  hub  of  wheel  to  form  a  good  contact,  but  not  so  tight  as  to 
allow  the  wheel  to  slide  on  the  wire.  See  that  the  spindle  is  tight 
enough  in  the  harp  to  form  a  good  contact,  and  that  the  spindle  holes 
in  the  harp  are  not  too  badly  worn  to  prevent  this  contact.  Examine 
the  harp  and  see  that  it  is  not  loose  on  the  pole  and  that  rivets 
holding  same  are  tight.  Examine  pole  for  cracks,  bends  or  flaws, 
and  see  that  it  alines  the  wheel  properly  with  the  wire,  and  if  not, 
loosen  the  clamp  bolts  and  turn  with  a  pipe  wrench  until  wheel  is  in 
proper  alinement,  leaving  the  wheel  on  the  wire  during  the  operation. 
See  that  clamp  bolt  and  nut  holding  same  and  base  bolts  are  all 
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tight  and  in  good  condition;  examine  springs  and  see  that  they  have 
sufficient  tension,  allowing  sufficient  space  between  the  coils  for 
compression  when  the  pole  is  pulled  down  to  the  roof  of  the  car. 
In  bases  with  more  than  one  spring,  see  that  they  are  equalized  on 
each  side,  both  sides  given  the  same  tension.  Give  springs  sufficient 
tension  so  that  the  wheel  will  have  pressure  of  about  20  to  25  lb. 
against  the  wire  in  city  service  and  from  35  to  40  lb.  on  high  speed. 
Make  this  test  where  the  wire  is  of  standard  height.  It  can  be  done 
by  using  a  hook  scale,  or  by  hanging  an  old  brake-shoe  or  other  weight 
to  the  trolley  rope.  See  that  trolley  board  is  securely  fastened  to 
the  roof  of  the  car. 

Trolley  Lubrication.  Lubricate  trolley  wheels  at  each  inspection 
and  wipe  all  surplus  oil  from  wheel  hub  after  lubricating.  Lubricate 
bases  when  necessary.  This  can  be  determined  by  swinging  the 
pole  from  side  to  side  below  the  wire.  If  the  base  operates  freely  no 
lubrication  is  necessary.  Great  care  must  be  taken  not  to  allow 
any  surplus  oil  or  grease  to  reach  car  roof  while  lubricating  the  bases 
and  wheels. 

Trolley  Rope,  See  that  rope  has  a  firm  fastening  with  the  harp; 
that  it  is  not  chafed  or  showing  signs  of  wear  where  it  comes  in 
contact  with  the  hood ;  that  it  has  not  been  broken  and  that  is  has  no 
unnecessary  knots  in  it. 

TroUey  Retriever.  Trip  the  retriever  and  see  if  it  operates 
properly;  that  the  tension  in  the  retriever  spring  is  not  so  severe  as 
to  break  the  rope  or  pull  the  trolley  down  so  severely  as  to  damage 
the  hood  or  roof;  see  that  rope  works  freely  when  resetting,  and  that 
it  is  of  such  length  that  it  will  not  pull  trolley  from  the  wire  where 
the  wire  is  high,  such  as  at  railroad  crossings,  etc. 

Extra  Trolley  Pole.  See  that  all  interurban  cars  are  supplied 
with  an  extra  pole,  fully  equipped,  and  in  good  condition. 

Trolley  Pole  and  Pressure  between  Trolley  Wire  and  Trolley 
WheeL  Poles  of  such  length  that  the  longitudinal  axis  of  the  pole 
makes  an  angle  of  from  35  to  45  deg.  with  the  axis  of  the  trolley 
on  tangent  track  are  in  most  common  use  and  the  most  common 
length  is  12  ft.  Height  of  car,  height  of  trolley  wire,  alinement  of 
track  and  other  local  conditions  may  require  a  longer  or  shorter  pole 
between  the  limits  lo  ft.  and  14H  ft.  A  light  flexible  pole  is  pref- 
erable to  a  heavy  one,  as  it  adapts  itself  to  irregularities  in  the 
overhead  system  and  does  comparatively  little  damage  to  that 
system  when  the  trolley  wheel  jumps  from  the  trolley  wire.  The  pres- 
sure between  trolley  wire  and  troliey  wheel  should  be  such  that  the 
trolley  wheel  will  follow  the  trolley  wire  with  as  little  wear  as  pos- 
sible. High-speed  service  requires  a  greater  pressure  than  low- 
speed  service.  When  the  proper  pressure  has  been  decided  upon, 
the  adjustment  should  be  made  by  measurement.  This  adjust- 
ment has  been  commonly  made  by  hanging  a  weight  at  the  end  of 
the  trolley  pole  or  by  fastening  a  spring  balance  to  the  trolley  rope 
and  applying  the  required  tension  through  the  spring  balance,  then 
adjusting  the  trolley  stand  spring  till  tiie  wheel  is  of  the  proper 
height  to  just  touch  the  trolley  wire.  Adjustment  by  use  of  the 
weight  has  been  found  to  be  the  most  satisfactory. 

In  operating  practice,  pressure  between  the  trolley  wheel  and 
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wire  varies  from  i6  to  40  lb.,  pressures  from  16  to  25  lb.  being 
usually  considered  sufficient  for  city  operation,  while  35  lb.  is  gen- 
erally used  in  high-speed  interurban  operation.  As  the  alinement 
of  trolley  wire  and  condition  of  track  approaches  perfection,  the 
trolley  wheel  pressure  approaches  the  minimum,  and  no  more  pres- 
sure should  be  used  than  is  required  to  hold  the  trolley  on  the  wire 
at  the  required  speeds  with  properly  lubricated  trolley  bases. 

Trolley  Poles  for  Double -truck  Cars.  The  general  practice  is 
to  use  two  trolley  poles  on  double-truck  cars,  the  trolley  base 
usually  being  mounted  directly  over  the  center  of  the  truck, 
although  less  offset  in  trolley  wire  is  required  when  the  trolley 
base  is  mounted  between  the  truck  center  and  the  end  of  the  car. 
With  two  trolley  poles  there  is  less  likelihood  of  the  trolley  wheel 
being  pulled  off  the  wire  from  rope  friction  over  the  rear  end  of  the 
car  or  a  defective  retriever;  with  two  trolleys  the  car  is  not  entirely 
disabled  by  the  failure  of  one;  trolley  wheel  replacements  are 
made  more  easily  when  the  base  is  located  nearer  one  end  of  the 
car;  and  the  offset  required  in  trolley  wire  on  curves  is  less  as  the 
trolley  base  is  brought  nearer  the  car  end.  With  short  double- 
truck  cars  in  city  service,  where  the  distance  between  truck  centers 
is  not  great,  and  the  trolley  wheel  may  be  easily  observed  from  the 
rear  platform,  a  single  trolley  pole  may  be  used  to  advantage. 

Thiird  Rail  Collector.  The  third  rail  collector  has  the  greatest 
current  collecting  capacity  of  any  current  collecting  device  used 
in  electric  railway  work.  In  the  section  on  electric  traction  by 
Mr.  A.  H.  Armstrong,  Standard  Handbook  for  Electrical  Engineers, 
it  is  stated  that  tests  have  been  made  which  indicate  that  electricity 
may  be  collected  at  the  rate  of  2000  amperes  from  a  single  shoe  at  a 
speed  of  35  miles  per  hour  and  500  amperes  at  a  speed  of  70  miles 
per  hour.  The  two  general  classes  of  collectors  are  that  in  which  the 
contact  pressure  is  furnished  by  gravity  and  that  in  which  the  con- 
tact pressure  is  furnished  by  a  spring.  The  shoes  are  generally 
made  of  wrought  iron  or  cast  iron  and  in  some  cases  a  steel  wearing 
surface  is  used. 

Fig.  6  shows  the  details  of  the  third  rail  collector  designed  for 
operation  on  overrunning  protected  third  rail  in  the  New  York 
subway.  Contact  pressure  is  furnished  by  a  spring.  The  shoe  is 
arranged  with  a  stop  by  which  its  downward  movement  is  limited. 
The  maximum  possible  drop  is  iH  in.,  but  this  may  be  reduced  by 
shims.  Connection  from  the  shoe  to  the  supporting  brackets  is 
made  by  a  flexible  cable  wound  around  the  shaft.  The  cable  is 
wound  in  this  way  so  that  it  will  not  be  affected  by  the  motion  of 
the  shoe." 

Fig.  7  shows  the  automatic  third  rail  collector  for  use  on  over- 
running third  rail  of  the  Philadelphia  and  Western  Ry.  The  pres- 
sure between  third  rail  and  slipper  is  about  10  lb.  and  is  furmshed 
by  a  spring  which  also  serves  to  hold  the  shoe  in  the  inoperative 
position.  A  tool-steel  insert  in  the  slipper  is  used  for  the  wearing 
piece.  This  piece  is  held  in  place  by  two  rivets  and  babbitt.  Dur- 
ing the  winter  the  slipper  is  slanted  slightly  downward  in  order  to 
make  contact  with  the  far  side  of  the  third  rail,  as  this  part  of  the 
rail  is  usually  free  from  sleet.    This  slanting  is  done  by  mei^PS  of 
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Pie.  ft^Third  rail  collector,  New  York  subway. 
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the  eccentric  stop,  the  four  quarter  turns  of  which  will  also  take 
care  of  a  1.5-in.  reduction  in  diameter  of  the  car  wheels.  There  is 
also  a  rack  adjustment  on  the  car  trucks  for  raising  and  lowering 
the  collector  beams.  The  automatic  folding  and  unfolding  of 
the  ^oe  is  obtained  in  the  foUawing  manner:  Where  the  ^oes 
should  either  open  or  fold,  as  the  case  may  be,  two  parallel  metal 
strips  which  are  sloped  in  opposite  directions  are  placed  along  the 
tracks  and  set  sevet^  inches  apart.  If  the  shoe  is  open,  the  slipper 
will  bear  against  the  rising  strip  until  it  assumes  a  nearly  vertical 
position,  and  the  spring  then  acts  to  dose  it.    The  rising  of  the 


Pig.  1.— Tliird  roil  collector,  Philadelphia  and  Weiteri]. 

slipper,  however,  is  coincident  with  the  lowering  of  a  tail-piece 
which  is  always  at  right  angles  to  the  slipper.  When  the  shoe  is 
to  be  opened,  this  tail-piece  will  he  withm  range  of  the  other  in- 
clined strip,  so  that  it  will  be  forced  upward  while  the  slipper  moves 
downward  to  make  contact  with  the  conductor  rail.  The  eccentric 
stop  and  the  tail-piece  prevent  the  slipper  from  dropping  when 
unsupported  by  the  tliird  rail. 

Fig.  8  shows  a  third  raQ  collector  and  sleet  brush  of  the  Brook- 
lyn Rapid  Transit  Co.  This  collector  was  designed  to  eliminate 
all  links  and  castings,  it  is  of  wrought  iron,  and  it  allows  a  maximum 
height  variation  of  1,3  in.  The  wrought  iron  shoe  replaces  a  link- 
suspended  casting  which  was  too  fragile.  Copper  shunts  were  used 
on  the  casting,  but  t^e  flat  springs  were  found  to  be  sufficient 
conductors  on  the  type  illustrated.  The  sleet  brush  is  made  of 
No.  ?3  S.  &  S.  gage  wire,  which  is  renewed  about  every  season. 

Fig.  9  shows  a  third  rail  collector  patented  by  Mr.R.  R.  Potter 
for  use  with  either  overnmning  or  undemmning  third  rail.  The 
tension  or  pressure  of  the  shoe  on  the  rail  is  regulated  by  the  position 
of  the  spring  in  relation  to  the  pivot  or  bearing  points  and  may  be 
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set  at  any  reasonable  amount.  If  the  spring  is  placed  back  of  the 
line  of  bearing,  the  outer  end  of  the  shoe  is  caused  to  rise,  and  it 
then  becomes  suitable  [or  use  on  an  undeminning  rail.    In  case 


Iwth  an  undemmning  and  overruiining  shoe  is  dedred,  tv 
PMnts  are  used.  No  machine  work  is  necessary,  no  lubrii 
required  and  no  shunts  are  used. 
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Life  of  Third  Rail  Contact  Shoe.    Overrunning  gravity  type 

of  third  riail  contact  shoe  of  the  Interborough  Rapid  Transit  Co. 

for  the  year  1907  was  as  follows: 

Subway  Elevated 
Average  life,  contact  shoe-miles  ^  45,720         56,008 

Average  cost  per  1000  contact  shoe-miles  $0.02322    $0.01241 


Fig.  9. — Third  rail  collector  for  either  over-  or  underrunning. 

Brooklyn  Rapid  Transit  System  third  rail  contact  shoe  of  mild 
steel  H  in.  thick  and  8  in.  wide  gives  an  average  life  of  9  months  or 
approximately  31,000  miles. 

The  average  life  of  a  third  rail  contact  shoe  on  the  New  York 
Central  &  Hudson  River  R.  R.  is  about  3600  miles  (includijig  wear 
and  accidental  breakage). 

The  average  life  of  the  third  rail  cast-steel  contact  shoe  of  the 
Aurora,  Elgin  and  Chicago  R.  R.  is  about  100,000  miles. 

Pantograph  Collector  and  Bow  Collector 

The  pantograph  collector  differs  from  the  bow  collector  essentially 
in  the  movement  and  position  of  the  contact  shoe.  The  shoe  of  the 
pantograph  collector  is  controlled  by  a  pantograph  structure  and 
moves  in  a  vertical  plane  through  the  center  of  the  mechanism  as  it 
rises  and  is  depressed  in  action,  while  the  shoe  of  the  bow  collector 
is  trailed  in  a  manner  similar  to  that  of  the  common  trolley  wheel 
and  moves  in  a  vertical  curve.  When  used  in  high  voltage  operation, 
both  types  are  insulated  from  the  car  by  being  mounted  on  porcelain 
insulators.  Both  types  are  generally  placed  in  action  and  removed 
therefrom  by  means  of  a  compressed  air  mechanism  and  in  high 
voltage  service  this  is  often  arranged  to  automatically  lower  the 
collector  when  the  high  voltage  distributing  box  is  opened.    The 
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schetne  oF  the  pneumatic  operation  of  the  low  pantograph  on 
New  Vork  Central  locomotives  is  diagrammed  in  Fig.  lo.  Near 
each  master  controller  in  the  cab  there  is  a  valve  by  means  of  which 
the  pantograph  shoe  may  be  raised  or  lowered.  When  air  is  applied, 
the  shoe  is  lifted  so  as  to  make  contact  with  the  overhead  rail. 
When  air  is  released,  the  shoe  drops;  also  if  the  shoe  runs  off 
the  rail,  it  is  tripped  automatically  and  drops.  Moving  the 
handle  forward  operates  the  pilot  valve,  by  means  of  which  a 
slide-valve  is  thrown  to  admit  air  from  the  reservoir  to  the  cylinder 
of  the  contact  shoe  device.  Pulling  the  handle  back  operates 
another  pilot  valve  and  the  slide-valve  is  thrown  over  to  connect 


Pio.  10. — Low  pantograph  collector.  New  York  CentriL 

the  ^  chamber  of  the  contact  device  to  the  exhaust.  The  handle 
will  spring  back  to  the  middle  position  from  either  direction. 
There  are  two  of  these  overhead  contact  shoes  whichare  controlled 
in  common  by  either  valve  in  the  cab. 

Either  pantograph  or  bow  may  be  used  when  high  speed,  voltage 
or  amperage  or  overhead  construction  will  not  permit  satisfactory 
nheel  trolley  operation.  In  many  places  a  pantograph  is  used 
in  suburban  service,  but  in  dty  service  the  overhead  constnic- 
tion  permits  only  a  wheel  trolley.  This  is  provided  for  by  equipping 
each  car  with  a  pantograph  in  the  middle  and  a  wheel  troUey  pole 
at  each  end.  A  typical  pantograph  collector  is  shown  by  Fig.  ii. 
Both  the  pantograph  collector  and  the  bow  collector  are  built 
with  many  variations  in  the  details  of  construction.  The  panto- 
graph collector  is  built  with  either  the  simple  pantograph  and  rigid 
contactor  or  with  the  pantograph  base  to  follow  great  changes  in 
trolley  wire  height  and  having  the  contactor  spring-supported  to 
follow  minor  unevenness.  The  bow  collector  may  have  a  trame- 
nork  or  pole  or  a  pantograph  base  to  follow  variations  in  trolley 
"ire  height  and  from  this  Uie  contactor  is  generally  carried  on  a 
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lighter  secondary  trailing  structure  made  flexible  to  follow  minor 
unevenness.  The  following,  relative  to  successful  current  collector 
operation,  is  by  Mr.  Otis  Allen  Kenyon,  Elec.  Ry.  Journal,  1909: 
The  successful  operation  of  any  system  depends  upon  the  ability 
of  the  contactor  to  keep  in  contact  with  the  wire.  Failure  to  do  this 
produces  arcing  and  hammering.  The  arcing  destroys  both  the 
collector  shoe  and  the  wire,  while  the  hammering  accelerates  the 
wear,  kinks  the  wire  and  breaks  the  fastenings.  The  difficulty  of 
keeping  the  collector  in  contact  with  the  wire  increases  very  rapidly 

with  the  speed,  and  the  minimizing  of 
this  difficulty  is  one  of  the  important 
problems  in  high  speed  operation.  The 
variations  in  the  position  of  the  wire 
over  the  track,  and  the  swaying  of 
the  car  require  the  collecting  device  to 
be  so  constructed  as  to  adapt  itself  to 
all  such  variations,  thus  forming  a 
flexible  connection  between  the  wire 
and  the  car.  At  low  speeds  it  is 
comparatively  easy  to  design  such  a 
device,  since  all  variations  in  position 
__  «,    •    ,  «    *^k6  place  so  slowly  that  the  inertia  of 

"•""coEor''*''^         ^^^  collector  does  not  prevent  it  from 

following  the  wire.  However,  at  high 
speeds  the  effect  of  every  little  variation  is  exaggerated  and  tends 
to  produce  vibration.  Large  variations  in  position,  such  as  are 
caused  by  passing  under  bridges,  etc.,  when  made  gradually,  have 
little  or  no  effect  on  vibration.  The  three  principal  causes  of 
vibration  are: 

(i)  Unevenness  of  the  contact  wire,  due  either  to  imperfect 
suspension  or  non-uniform  wear. 

(2)  Vibration  and  swaying  of  the  car  or  locomotive. 

(3)  Inertia  of  the  contact  device. 

The  results  of  experiments  made  thus  far  (1909)  seem  to  point  to  a 
type  of  collector  which  should  consist  of  two  parts,  namely,  a  main 
part  to  take  up  the  large  variations  in  the  height  of  the  wire  and  an 
auxiliary  part  to  take  up  the  vibrations.  The  main  part  may  be 
comparatively  large  and  heavy  and  should  be  balanced  for  wind 
pressure  and  provided  with  springs  arranged  to  exert  a  constant 
pressure  irrespective  of  the  position  of  the  shoe.  The  auxiliary 
part,  which  should  trail,  must  be  light  and  designed  to  have  a  high 
natural  period  of  vibration  which  will  enable  it  to  fellow  the  most 
rapid  vibrations  of  the  car  to  which  it  will  be  subjected. 

Contact  Shoe.  Contact  shoes  have  been  made  of  copper,  steel, 
aluminum  and  various  alloys  in  attempts  to  get  a  considerable  life 
of  shoe  together  with  small  wear  on  the  trolley  wire.  A  shoe  of 
"U"  shaped  section  containing  lubricant  in  the  form  of  grease  has 
been  found  to  reduce  wear  and  singing.  Aluminum  shoes  are  light, 
consequently  they  have  comparatively  little  inertia  which  makes 
possible  a  collector  structure  of  high  natural  period  of  vibration. 

Contact  Shoe  Wear.    The   following,  relative  to  contact  shoe 
wear,  is  by  Mr.  Otis  Allen  Kenyon,  Elec.  Ry.  Journal,  1909: 
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Wear  of  the  wire  and  shoe  can  be  traced  to  two  causes,  mechanical 
and  electrical.  The  mechanical  causes  are  due  to  pressure  and 
cannot  be  entirely  eliminated.  Non-\miformity  of  pressure  is  the 
most  serious  trouble.  The  springs  can  be  so  designed  as  to  make 
the  pressure  constant  for  any  position  of  the  collector.  However, 
the  speed  at  which  the  collector  changes  its  position  affects  the 
pressure  to  an  extent  which  can  only  be  controlled  by  reducing  the 
inertia  of  the  mass  to  be  moved.  Throughout  Europe  the  average 
pressure  of  the  contact  shoe  against  the  wire  is  about  u  lb.  The 
dectrical  causes  are  secondary,  being  due  to  arcing,  which  is  caused 
by  insufficient  contact  surface.  Arcing  is  especially  destructive 
in  that  once  started  the  surface  is  left  more  predisposed  to  arcing 
than  before  and  conditions  rapidly  go  from  bad  to  worse.  The 
cause  is  due  to  imperfect  contact  and  vibration  and  the  resulting 
wear  is  a  function  of  the  current  rather  than  of  the  power.  For 
a  given  power  the  lighter  the  voltage  the  less  destructive  is  the  arc. 
Soot  deposited  on  the  contact  wire  by  steam  locomotives  increases 
the  wear  to  an  astounding  extent.  The  Swedish  commission  found 
that  the  wear  of  the  shoe  on  a  soot-covered  wire  is  about  ten  times 
as  rapid  as  on  a  clean  one.  Th&  aluminum  shoes  on  the  other  types 
of  collectors  ran  about  1500  miles  on  soot-covered  wires.  It  is  esti- 
mated in  the  report  that  on  clean  wires  they  would  run  at  least 
12,500  miles.  The  practice  of  the  Swedish  tramways  indicates  an 
average  life  of  such  shoes,  when  used  in  tramway  service,  of  12,500 
niiles  before  renewal,  but  if  left  until  worn  out  they  will  run  as 
high  as  62,000  miles. 

In  tests  on  the  New  Haven  electrification,  Mr.  W.  S.  Murray 
found  that  a  pantograph  shoe  supported  on  spiral  springs  had  a 
considerably  longer  life  than  one  rigidly  supported.  In  a  paper, 
A.I.E.E.,  1908,  he  stated  that  the  cost  for  pantograph  shoe  was 
about  0.06  cent  per  locomotive  mile.  This  was  for  the  rigid  shoe 
and  represents  approximately  2  per  cent,  of  the  total  cost  of  main- 
tenance and  repairs  per  locomotive  per  locomotive  mile.  He  also 
noted  that  where  soot  was  present,  mileages  varying  between  600 
^  1500  per  shoe  had  been  obtained,  while  roads  operating  lesser 
speeds  and  not  subject  to  the  effects  of  locomotive  stack  discharges, 
flad  obtained  as  high  as  25,000  shoe  miles. 

A  galvanized  sheet-steel  pantograph  shoe  is  iised  on  the  loco- 
motives operating  in  the  St.  Clair  Tunnel  of  the  Grand  Trunk 
I^aQway  System.  The  average  life  of  one  of  these  shoes  is  3000 
niiles.  The  pressure  used  is  7.5  lb.  in  winter  and  5  lb.  in  summer. 
The  speed  is  25  miles  per  hour.  A  shoe  with  a  copper  wearing  surface 
Was  found  tcthave  a  much  shorter  life  than  the  steel  shoe.  The  steel 
shoe  did  not  wear  the  copper  trolley  wire  so  much  as  the  copper  shoe 
did. 

On  the  New  York,  Westchester  and  Boston  Ry.  galvanized  iron 
pantograph  shoes  Mb  in.  thick  were  replaced  by  black  mild-steel 
shoes  of  the  same  thickness.  The  life  of  the  black-steel  shoe  is  2600 
Jjilw.  The  normal  pressure  is  10  lb.  for  both  winter  and  summer. 
During  spring  and  fall  it  is  14  lb.  to  1 5  lb.  It  was  noted  in  1913  that 
after  this  road  had  operated  for  about  i  H  years  the  fife  of  a 
pantograph  shoe   was   about    four   times    as   great   as   at   the 
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beginning.  Mi.  R.'  R.  Potter  attributes  this  increase  in  life  to  the 
fact  tliat  the  original  cross-section  of  the  steel  contact  wire  of  the 
catenary  system  was  circular  while  the  wear  during  this  period  had 
produced  a  flat  contact  surface  about  M  in.  wide. 

Rollef  Trolley.  The  roller  trolley  is  second  to  the  third  rail  shoe 
in  current  collecting  ca.pacity,  but  it  has  more  inertia  than  the 
pantograph  shoe.  For  these  reasons  it  is  suited  to  service  at  heavier 
currents  and  at  lower  speeds  than  those  to  which  the  pantograph 
shoe  is  particularly  adapted.  Fig.  13  shows  a  roller  trolley  used 
successfully  on  the  Key  Route,  California.  The  roller  is  mounted 
on  a  pantograph  frame  and  weighs,  complete  with  sjandle,  18  lb. 


Pic.  II.— Roller  tmlley,  Key  Rf 


The  wearing  surface  is  a  tube  of  non-arcing  brass,  supported  on  a 
wooden  roller.  The  height  of  the  trolley  wire  above  the  head  of  the 
tail  varies  from  14  ft.  6  in.  to  21  ft.,  but  by  the  pantograph  the  pres- 
sure of  the  roller  against  the  wire  is  kept  nearly  constant  at  about 
34  lb.     The  average  mileage  of  the  rollers  is  55,000. 

Top  Contact  Collector  (Oerhkon  Collector).  Current  is  col- 
lected from  either  a  trolley  wire  suspended  from  an  inverted  catenary 
or  a  trolley  wire  stretched  tightly  over  insulators  at  the  side  of  the 
track.  The  collector  consists  essentially  oC  a  curved  hinged  arm 
which  sweeps  over  nearly  a  semidrde  in  a  plane  transverse  to  the 
longitudinal  axis  of  the  track.  This  collector  is  supported  on  in- 
sulators on  the  side  of  the  car  top.  Normally  the  arm  rests  on  top 
of  the  trolley  wire  with  a  pressure  of  about  r.s  lb.  On  cross-overs 
and  in  tunnels,  where  the  trolley  wire  is  carried  over  the  track,  the 
arm  swings  toward  the  center  of  the  car,  and  is  depressed,  making 
contact  progressively  from  the  top  around  to  the  side  and  then 
underneath  the  trolley  wire.  In  addition,  the  saddle  which  carries 
Uie  arm  is  movable  lateraUy,  increasing  the  radius  of  action. 
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Sot  Plow.  The  slot  plow  is  arranged  to  collect  current  from  con- 
ductor bars  wfaidi  are  located  about  6  in .  apart  and  a  foot  below 
the  track  rails.  It  consists  of  n  flat  frame  made  of  inaulating 
material  suspended  from  the  car  and  carrying  the  necessary  con. 


.— ■s  from  the  conductor  bar  to  the  car.  This  frame  extends 
"itough  the  win.  or  «-in.  slot  between  the  slot  rails  and  carries  a 
(wiUct  shoe  at  either  side  of  its  lower  end.  It  insulates  the  contact 
shoes  from  each  other.    The  contact  shoe  is  generally  made  of 
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chilled  cast  iron  and  is  held  against  the  conductor  bar  by  a  flat  steel 
spring  by  which  it  is  fastened  to  the  frame.  The  frame  carries  thin 
wear  plates  of  hard  steel  for  protection  against  excessive  wear  in 
rubbing  over  the  slot  rails.  Electrical  connection  between  the 
contact  shoes  and  the  upper  end  of  the  plow  is  by  fuse  connectors 
and  rubber-insulated  conductors.  These  fuse  connectors  are  con- 
nected to  the  contact  shoes  and  serve  to  protect  the  plow  from  damage 
by  short  circuit  from  shoe  to  shoe.  Fig.  13  shows  a  slot  plow  used 
by  the  Capital  Traction  Co.,  Washington,  D.  C.  The  suspension 
of  the  plow  from  the  truck  must  admit  of  free  lateral  movement  in 
order  that  the  plow  may  not  be  damaged  by  truck  play  and 
unevenness  of  track  and  slot  rails.  Where  the  car  moves  between  a 
conduit  section  and  a  trolley  section,  the  plow  is  removed  or  re- 
placed by  a  man  stationed  in  a  pit  at  the  junction  of  the  two  sections. 


SBcnoif  vn 


Geaenl  ChuwHirartiQB.  Trucks  are  o(  tiro  genend  classes^ 
namely,  the  sing^  truck  and  the  double  truck.  The  latter  is  also 
often  called  the  swivel  truck  or  the  bogie  truck. 

Single  TmdEB.  (Figs-  i  to  5.)  Sn^e  trucks  are  of  two  dasses> 
namely,  parallel  axle  trucks  and  radial  axle  or  non-paraUd  axle 
trucks.  The  length  of  wheel  base  of  the  truck  is  fimited  b}*  track 
curvature.  The  radial  axle  truck  (Figs.  3  to  5)  was  devd<^ped  to 
make  possible  a  comparatively  long  whed  base  giving  satisfactory 
operation  on  curves. 

Kadial  AiJe  Tnidc  Fig.  3  shows  the  Warner  radial  ade  truck. 
Fig.  4  shows  the  Brill  radial  axle  truck,  and  Fig.  16  shows  the  swing 
link  of  this  truck  when  it  is  in  the  normal  (vertical)  and  extreme 
positions,  respectivdy.  When  this  truck  is  on  tangent  track  and 
the  link  is  in  an  upright  poation,  the  truck  frame  rests  upon  both 
the  pins  at  the  lower  end  of  the  link.  At  the  instant  the  wheds 
strike  an  irregularity  in  the  track,  one  of  these  pins  leaves  its  groove 
and,  due  to  Qie  resulting  displacement  of  the  link,  there  is  a  force 
tending  to  return  the  Imk  to  the  upright  position  and  to  draw  the 
axle  back  to  its  normal  position  on  leaving  the  irregularity.  Fig.  $ 
shows  a  radial  axle  truck  on  a  low  levd  type  car  to  take  24-in.  wheeb 
and  "dadishund"  motors.  This  truck  is  built  for  low  levd  end 
drop  platform  cars  and  is  provided  with  ball  bearings. 

Doable  Trades.  (Figs.  6  to  15.)  Double  trucks  may  be  dassi- 
fied  as  fixed  bolster  trucks  or  swing  bolster  trucks.  The  fixed 
bolster  truck  is  one  in  which  the  truck  bolster  is  fixed  to  the  side 
inune  so  that  there  is  no  relative  motion  between  them.  The 
swin^  bolster  truck  is  one  in  which  the  truck  bolster  may  move 
relatively  to  the  side  frame  of  the  truck.  The  swing  bolster  truck 
is  better  suited  to  high-speed  service  than  the  fixed  bolster  truck 
and  it  is  generally  used  on  passenger  cars.  In  the  M.C.B.  type, 
the  swing  bolster  bears  on  springs  that  are  supported  by  a  trans- 
verse member  called  a  spring  plank,  which  is  suspended  by 
hangers  or  links  so  that  it  can  swing  laterally  to  the  truck.  As 
the  springs  rest  on  this  plank  and  they  support  the  bolster,  the 
latter  can  swing  with  the  spring  plank.  Other  types  of  swing 
bolster  trucks  have  been  developed,  modified  in  some  respects 
from  that  described  above,  but  accomplishing  the  same  results. 
The  object  of  providing  the  swinging  motion  to  the  bolster  is  to 
prevent,  as  much  as  possible,  lateral  blows  and  shocks  from  being 
communicated  to  the  car  body  and,  vice  versay  to  prevent  the 
momentum  of  the  car  body  from  acting  with  its  full  force  on  the 
truck  and  track. 

Maximum  Tmction  Trudt.    (Figs.  13  to  15.)    The  maximum 
traaion  (single-motor)  truck  is  suited  to  moderate  speed  service 
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I. 

2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 
10. 
II. 

12. 

13. 

u. 

IS. 
16. 

17. 
18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 
27. 

28. 

29. 

30. 

31. 


Names  of  Parts 


Side  frame  32. 

Yoke  brace  33- 

End  frame  pipe  and  tie  rod  34. 

Cross  bar  35. 

Cross  bar  corner  bracket  36. 

Cross  bar  brace  37. 

Top  chord  38. 
Body  end  spring  (semi-elliptic)       39. 

Body  end  spring  (full  elliptic)  40. 

Body  end  spring  U-boIt  41. 
Body  end  spring  cap  (ha'f-elliptic)  42. 

Body  end  spring  wear  plate  43. 

Body  spring  (coil)  44. 

Body  spring  bolt  45. 

Body  spring  seat  46. 

Thrust  piece  47. 

Body  spring  cap  48. 

Tournal  box                                 •  49. 

'Ournal  box  lid  50. 

[ournal  box  spring  51. 

Journal  box  spring  cap  52. 

Swing  link  socket  53. 

Swing  link  54- 

Swing  link  pin^  55. 

Motor  susx>ension  bracket  56. 

Motor  suspension  casting  57. 

Cross  bar  brace  casting  58. 

King  bolt  reinforcing  plate  59* 

King  bolt  60. 

Brake  hanger  spring  top  61. 

Brake  hanger  spring  bottom  62. 


King  bolt  support  (top) 

King  bolt  support  (bottom) 

Brake  rod 

Center  lever 

Center  lever  slide 

Center  lever  fulcrum 

Wheel 

Center  lever  connection 

Live  lever 

Lever  connection 

Dead  lever 

Dead  lever  fulcrum 

Top  truck  connection 

Equalizing  beam 

Clevis 

Upright  lever 

Brake  hanger  carrier 

Brake  hanger,  "half-ball" 

Brake  head 

Brake  shoe 

Bottom  truck  connection 

Bottom  truck  connection  jam  nut 

Bottom  truck  connection  trunnion 

Release  spring 

Release  spring  bracket 

Axle 

Release  spring  hook -bolt 

Release  spring  hook  bolt  nut 

Wheelguard 

Wheelguard  bracket 

Body  end  spring  cap  (full  elliptic) 


Fig.  4.— Brill  "Radiax"  truck. 
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Fig.    1 6. — Swing 
radiax  truck  in  normal  and 
extreme  positions. 


^here  one  motor  per  truck  is  used  and  a  high  value  of  adhesion 
between  driving  wheels  and  rails  is  necessary.  This  truck  is  so 
constructed  that  from  60  to  80  per  cent,  of  the  load  is  carried  by 
the  driving  wheels  on  tangent  track  and  a  part  of  this  is  trans- 
ferred to  the  trailmg  wheels  when  the 
truck  is  on  a  curve.  The  driving  wheels 
of  the  Brill  maximum  traction  truck 
carry  75  per  cent,  of  the  load  when  on 
tangent  track.  When  this  truck  is  on  a 
curve  a  plate  attached  to  the  car  sills 
and  inclining  downward  from  the  center 
compresses  a  spring  post  between  the 
trailing  wheels  and  transfers  weight  from 
the  driving  wheels  to  the  trailing  wheels. 
Truck  Parts.  There  are  many  differ- 
link  of  ent  types  of  motor  trucks  which  have 
been  designed  in  various  ways  to  meet 
a  great  variety  of  conditions  of  construc- 
tion and  operation.  The  names  of  the  important  parts  of  some 
of  these  are  given  by  Figs,  i  to  16,  inclusive. 

Heat-treated  Carbon  Steel  Axles 

A  heat-treated  axle  is  one  which  is  allowed  to  cool  after  forging, 
is  then  reheated  to  proper  temperature,  quenched  in  some  medium , 
and  then  reheated  to  the  proper  temperature  to  refine  the  grain. 
The  exact  treatment  of  a  particular  steel  depends  upon  its  chemital 
composition.  If  the  chemical  composition  of  an  existing  axle  be 
known,  the  axle  may  be  properly  heat  treated  and  then  turned  down 
to  a  smaller  size  for  service.  The  purpose  of  heat  treatment  of 
axles  is  to  relieve  the  internal  stresses  set  up  by  improper  cooling, 
also  to  so  rearrange  the  structure  of  the  steel  that  it  will  resist  the 
action  of  repeated  blows  which,  though  each  would  have  an  effect 
within  the  endurance  of  the  original  untreated  steel,  such  continued 
repetition  would  cause  the  untreated  steel  to  fail  by  crystalliza- 
tion. 

A,E.R,E.A.  Standard  Specifications  for  Heat-treated  Carbon 
Sted  Axles,  Shafts  and  Similar  Parts,  (Also  adopted  as  standard 
by  the  American  Society  for  Testing  Materials.) 

Process  of  Manufacture:  i.  Steel  imder  this  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process. 

Discard:  2.  A  sufficient  amount  of  discard  must  be  made  from 
each  ingot  to  insure  freedom  from  piping  and  undue  segregation. 

Chemical  Compositions:  3.  The  steel  shall  conform  to  the 
f (lowing  limits  in  chemical  composition: 

Carbon not  over  0.60  per  cent. 

Manganese 0.40  to  0.80  per  cent. 

Phosphorus not  over  0.05  per  cent. 

Sulphur not  over  o.os  per  cent. 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken  from 
the  crop  end  of  one  axle,  shaft  or  similar  part  from  each  melt 
represented,  parallel  to  the  axis  on  any  radius  one-half  the  distance 
from  the  center  to  circumference,  to  determine  whether  the  chemical 
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composition  of  the  heat  is  within  the  limits  specified  in  Paragraph 
3.  In  addition  to  the  complete  analysis,  the  purchaser  has  a 
right  to  call  for  a  phosphorus  determination,  to  be  made  from 
the  turnings  from  each  tensile  test  specimen,  and  the  phosphorus 
must  show  within  the  Umits  caUed  for  by  Paragraph  3. 
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E.B.I.  5S0  lb.    Designed  to  carry  22,000  lb.  per  axle 


Approx.  Wt.  E.G.     750  lb.    Designed  to  carry  27,000  lb.  per  axle 
E.C.I.  820  lb.    Designed  to  carry  31,000  lb.  per  axle 
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Approx.  Wt.  E.D.  1050  lb.    Designed  to  carry  38,000  lb.  per  axle 
Fig.  17. — A.E.R.E.A.  standard  motor  axles. 

Tensile  Test:  5.  The  steel  shall  conform  to  the  following  mini- 
mum physical  properties: 

Ultimate  strength,  pounds  per  square  inch 85,000 

Elastic  limit,  pounds  per  square  inch 50,000 

Elongation  in  2  in.,  per  cent 22 

Reduction  of  area,  per  cent 45 

The  elastic  limit  shall  be  determined  by  extensometer.  Above 
40,000  lb.  per  square  inch,  each  increment  of  load  shall  be  not  more 
than  1000  lb.  per  square  inch. 

Specimen  for  Tensile  Test:  6.  The  test  specimen  as  shown  by 
Fig.  19,  0.5  in.  diameter  and  2  in.  gage  length,  shall  be  used  to 
determine  the  physical  properties  as  specified  in  Paragraph  5. 
Test  specimens  shall  be  taken  from  the  crop  end  of  one  axle,  shaft. 
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or  ^milar  part,  from  each  trea ting-plant  heat;  if  more  than  one  open- 
hearth  heat  is  represented  in  a  treating-plant  heat,  a  test  shall  be 
taken  from  each  open-hearth  heat  represented.  A  full-size  pro- 
longation shall  be  left  on  each  axle,  shaft,  or  similar  part. 

Cold  Bend  Test:  7.  A  cold  bend  test  shall  be  made  from  the 
crop  end  of  one  axle,  shaft,  or  similar  part,  from  each  treating- 
plant  heat;  if  more  than  one  open-hearth  heat  is  represented  in  a 
treating-plant  heat,  a  test  shall  be  taken  from  each  open-hearth 


Approx.  Wt.  420  lb.    Designed  to  carry  15,000  lb.  per  axle 


Approx.  Wt.  520  lb.    Designed  to  carry  22,000  lb.  per  axle 
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Pig.   18. — M.C.B.  standard  axles  for  trailers. 
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heat  represented.  The  test  shall  be  made  with  a  H  in.  square  speci- 
men not  exceeding  6  in.  in  length,  around  a  round  mandrel,  of  H 
in.  radius,  and  the  specimen  shall  bend,  without  fracture  180  deg. 
around  said  mandrel.. 

Explanatory  note:  The  mandrel  usually  employed  is  shaped 
^th  one  side  to  pive  a  half  inch  radius  as  desired  while  the  other 
Sloe  is  prolonged  to  take  the  thrust  of  the  top  head  of  the  test- 
ing machine,  thus  producing  a  mandrel  whose  general  shape  is 
that  of  a  hammer  head  with  a  flat  pein,  the  flat  pein  of  half  inch 
radius  to  insure  proper  testing  of  the  piece  as  "around  a  half  inch 
radms  mandrdi"  (Fig.  20). 
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Location  of  Specimens  for  Tensile  Test  and  Cold  Bend  Test: 
8.  Spedmens  for  tensile  test  and  cold  bend  test  shall  be  taken 
parallel  to  the  axis  of  the  axle  or  shaft  and  on  any  radius  one-half 
the  distance  from  the  center  of  the  circumference. 

Retesiing:  g.  In  case  the  physical  results  obtained  from  any 
lot  of  axles,  shafts,  or  similar  parts,  do  not  conform  to  those  called 
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Fig.  19. — A.E.R.E.A.  standard  tensile  test  specimen  for  axle  steel. 

for  by  Paragraphs  5  and  7,  the  manufacturer  shall  have  the  privi- 
lege of  retreating  such  parts,  from  which  new  tests  shall  be  taken 
by  the  purchaser  and  these  shall  govern  the  acceptance  or  rejection 
of  the  lot. 

Heat  Treatment:  10.  Each  axle,  shaft,  or  similar  part  shall  be 

allowed  to  become  cold  after  forging,  shall  then  be  reheated  to 

the  proper  temperature,  quenched  in  some  medium,  allowed  to  cool, 

and  then  reheated  to  the  proper  temperature  for  annealing. 

Warped  Axles  or  Shafts:  11.  Warped  axles  or  shafts  or  similar 

parts  must  be  straightened  hot;  that  is,  at  a 
temperature  above  900  deg.  F.,  and  before 
offering  the  part  for  tests. 

Quality:  12.  All  axles,  shafts  or  similar  parts 
shall  be  free  from  cracks,  seams,  flaws,  or  other 
injurious  imperfections  when  finished.  Those  ' 
which  show  such  defects  while  being  finished  by 
the  purchaser  will  be  rejected  and  returned  to 
the  manufacturer,  who  must  pay  return  freight. 
Finish:  13.  All  axles,  shafts,  and  sinular 
parts  must  be  rough-turned  with  an  allowance 
of  H  in.  on  surface  for  finishing,  except  on  axle  collar,  which  is  to 
be  left  rough-forged.  Turning  must  be  done  on  60-deg.  centers 
with  clearance  drilled  at  point. 

Branding:  14.  The  heat  number  shall  be  stamped  on  the  rough- 
forged  collar.  After  rough-turning,  the  manufacturer's  name,  heat 
number,  individual  axle  or  shaft  number,  and  inspector's  mark 
shall  be  stamped  at  place  indicated  by  the  purchaser  except  at  any 
point  between  the  rough  collars. 

Inspection:  15.  The  inspector  representing  the  purchaser  shall 
have  free  entry  at  all  times,  while  his  contract  is  being  executed,  to 
all  portions  of  the  manufacturer's  shop  which  concerns  the  manu- 
facture of  material  ordered.    All  reasonable  facilities  shall  be 
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a£forded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles,  shafts,  and  similar  parts  are  being  furnished  in  accordance 
with  the  specifications.  All  tests  and  inspection  shall  be  made  at 
the  place  of  manufacturer  prior  to  shipment  and  free  of  cost  to  the 
purchaser.  The  purchaser  shall  have  the  right  to  make  tests  to 
govern  the  acceptance  or  rejection  in  his  own  test  room  or  else- 
where, as  may  be  decided  by  the  purchaser,  such  test,  however,  to 
be  made  at  the  expense  of  the  purchaser  and  to  be  made  prior  to 
the  shipment  of  the  material.  Unless  otherwise  arranged,  any 
protest  based  on  such  tests  must  be  made  within  6  days,  to  be 
valid.  Tests  and  inspection  shall  be  so  conducted  as  not  to  inter- 
fere unnecessarily  with  the  operation  of  the  mill. 

Cold  Rolled  Steel  Axles 

Specifications  for  Cold  Rolled  Steel  Axles,  (A.E.R.E.A.  Recom- 
mended Specifications.) 

Process  of  Manufacture:  i.  Steel  under  this  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process.  All  axles 
must  be  cold  rolled  to  finished  size  from  hot  rolled  bars.  Finished 
sizes  must  not  vary  more  than  two  thousandths  of  an  inch  above  or 
below  the  required  size. 

Discard:  2.  A  sufficient  amount  of  discard  must  be  made  from 
each  ingot  to  insure  freedom  from  piping  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the  follow- 
ing limits  in  chemical  composition : 

Carbon not  over  0.40  per  cent. 

Manganese 0.40  to  0.80  per  cent. 

Phosphorus not  over  0.04  per  cent. 

Sulphur not  over  0.05  per  cent* 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken 
from  the  crop  end  of  one  axle  from  each  melt  represented,  parallel 
to  the  axis  on  any  radius  one-half  the  distance  from  the  center  to 
circumference,  to  determine  whether  the  chemical  composition  of 
the  heat  is  within  the  limits  specified  in  Paragraph  3.  In  addition 
to  the  ladle  analysis,  the  purchaser  may  have  a  phosphorus 
determination  made  from  the  turnings  or  borings  taken  from  each 
tensile  specimen,  and  the  phosphorus  in  every  specimen  must  be 
within  25  per  cent,  of  the  fimit  given  in  Paragraph  3. 

Tensile  Test:  5.  The  steel  shall  conform  to  the  following 
minimum  physical  properties: 

Ultimate  strength,  pounds  per  square  inch 70,000 

Elastic  limit,  pounds  per  square  inch 60,000 

Blongation  in  2  in.,  per  cent 18 

Reduction  of  area,  per  cent 35 

The  elastic  limit  shall  be  determined  by  extensometer. 

Specimen  for  Tensile  Test:  6.  The  test  specimen,  as  shown  by 
^ig-  19.  0.5  in.  diameter  and  2  in.  gage  length,  shall  be  used  to  de- 
termine the  physical  properties  specified  in  Paragraph  5.  Test 
specimens  shall  be  taken  to  represent  each  50  axles,  or  less  made 
from  the  same  melt. 

Cold  Bend  Test:  7.  A  cold  bend  test  shall  be  taken  from  each 
50  axles  or  less,  made  from  the  same  melt.  The  test  shall  be  made 
with  ^  in.  square  specimen,  not  exceeding  6  in.  in  length,  around 
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a  I  in.  flat  mandrel  having  a  rounded  edge  of  H  in.  radius  (Fig^. 
20)  and  the  specimen  shall  bend,  without  fracture,  180  deg.  around 
the  said  mandrel. 

Location  of  'Specimens  for  Tensile  Test  and  Cold  Bend  Test:  8. 
Specimens  for  tensile  test  and  cold  bend  test  shall  be  taken  parallel 
to  the  axis  of  the  axle  and  on  any  radius  one-half  the  distance  from 
the  center  to  the  circumference. 

Finish:  9.  All  axles,  either  finished  or  plain,  shall  be  straight 
and  free  from  cracks,  flaws,  seams  or  other  injurious  imperfections 
when  finished.  Those  which  show  such  defects  while  being  finished 
by  the  purchaser  will  be  rejected  and  returned  to  the  manufacturer 
who  must  pay  return  freight. 

Centering:  10.  When  centering  is  required,  60-deg.  centers 
with  clearance  provided  at  point  of  shop  lathe  centers,  shall  be 
used  unless  otherwise  specified. 

Branding:  11.  Each  axle  shall  be  stamped  with  the  heat 
number,  maker's  brand  and  year.  Unless  otherwise  indicated 
these  marks  are  to  be  stamped  at  about  the  middle  of  the  length  of 
the  axle.  The  manufacturer  shall  also  permit  the  inspector  to 
place  his  stamp  on  each  axle. 

Inspection:  12.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  his  contract  is  being  executed,  to 
all  portions  of  the  manufacturer's  shop  which  concerns  the  manu- 
facture of  material  ordered.  All  reasonable  facilities  shall  be 
afforded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles  are  being  furnished  in  accordance  with  the  specifications.  AU 
tests  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment  and  free  of  cost  to  the  purchaser.  The  purchaser 
shall  have  the  right  to  make  tests  to  govern  the  acceptance  or  rejec- 
tion in  his  own  test  room,  or  elsewhere,  as  may  be  decided  by  the  pur- 
chaser, such  test,  however,  to  be  made  at  the  expyense  of  the  pur- 
chaser and  to  be  made  prior  to  the  shipment  of  the  material.  Unless 
otherwise  arranged,  any  protest  based  on  such  inspection  must  be 
made  within  6  days,  to  be  vaUd.  Tests  and  inspection  shall  be 
so  conducted  as  not  to  interfere  unnecessarily  with  the  operation 
of  the  mill. 

Annealed  Carbon  Steel  Axles 

Specifications  for  Annealed  Carbon  Steel  Axles,  Shafts  and  Similar 
Farts.     (A.E.R.E.A.  Recommended  Specification.) 

Process  of  Manufacture:  i.  Steel  under  this  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process. 

Discard:  2.  A  sufficient  amount  of  discard  must  be  made  from 
each  ingot  to  insure  freedom  from  piping  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the  fol- 
lowing limits  in  chemical  composition : 

Carbon not  over  0 .  60  per  cent. 

Manganese 0 .  40  to  o .  60  per  cent. 

Phosphorus not  over  o .  04  per  cent. 

Sulphur not  over  0 .  05  per  cent. 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken 
from  the  crop,  end  of  one  axle,  shaft,  or  similar  part  from  each  melt 
represented,  parallel  to  the  axis  on  any  radius  one-half  the  distance 
from  the   center   to   circumference,  to  determine  whether  the 
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chemical  composition  of  the  heat  is  within  the  limits  specified  in 
Paragraph  3.  In  addition  to  the  complete  analysis  the  purchaser 
niay  have  a  phosphorus  determination  made  from  turnings  or  bor- 
ings taken  from  each  tensile  test  specimen  and  the  phosphorus  in 
every  specimen  must  not  be  more  than  25  per  cent,  above  the  limit 
given  in  Paragraph  3. 

Tensile  Test:  5.  The  steel  shall  conform  to  the  following 
minimum  physical  properties: 

Ultimate  strength,  per  square  inch 80,000  lb. 

Elastic  limit 44,000  lb. 

Elongation  in  2  in.,  per  cent 22 

Reduction  of  area,  per  cent 35 

Elastic  limit  shall  be  determined  by  extensometer. 

Specimen  for  Tensile  Test:  6.  The  test  specimen,  as  shown  by 
Fig.  19,  0.5  in.  diameter  and  2  in.  gage  length,'  shall  be  used  to 
determine  the  physical  properties  as  specified  in  Paragraph  5. 
Test  specimens  fhall  be  taken  from  the  crop  end  of  one  axle,  shaft, 
or  similar  part,  from  each  annealed  heat;  if  more  than  one  open- 
hearth  heat  is  represented  in  the  annealed  heat,  a  test  is  to  be  taken 
from  each  open-hearth  heat  represented.  A  full-size  prolongation 
shall  be  left  on  each  axle,  shaft,  or  similar  part. 

Cold  Bend  Test:  7.  A  cold  bend  test  shall  be  made  from  the 
crop  end  of  one  axle,  shaft,  or  similar  part  from  each  heat;  if  more 
than  one  open-hearth  heat  is  represented  in  a  heat,  a  test  shall  be 
taken  from  each  open-hearth  heat  represented.  The  test  shall 
he  made  with  a  H  in.  square  specimen  not  exceeding  6  in.  in  length, 
around  a  i-in.  flat  mandrel,  having  a  rounded  edge  of  ^  in.  radius, 
and  the  specimen  shall  bend  without  fracture  180  deg.  around  said 
mandrel.  The  test  shall  be  made  by  steady  pressure  or  by  blows. 
The  form  and  dimensions  of  the  mandrel  are  shown  in  Fig.  20. 

Location  of  Specimens  for  Tensile  Test  and  Cold  Bend  Test: 
8.  Specimens  for  tensile  test  and  cold  bend  test  shall  be  taken' 
parallel  to  the  axis  of  the  axle  or  shaft  and  on  any  radius  one-half 
the  distance  from  the  center  to  the  circumference. 

^testing:  9.  In  case  the  physical  results  obtained  from  any 
lot  of  axles,  shafts,  or  similar  parts  do  not  conform  to  those  called 
for  by  Paragraphs  5  and  7,  the  manufacturer  shall  have  the  privilege 
of  re-anneaHngsuch  parts,  from  which  new  tests  shall  be  taken  by  the 

{>urchaser,  and  these  shall  govern  the  acceptance  or  rejection  of  the 
ot. 

Annealing:  10.  Each  axle,  shaft,  or  similar  parts  shall  be  al- 
lowed to  become  cold  after  forging,  shall  then  be  re-heated  to  the 
proper  temperature  for  annealing,  allowed  to  cool  slowly  (in  furnace) 
m  an  approved  manner. 

Warped  Axles  or  Shafts:  11.  Warped  axles  or  shafts  or  similar 
parts  must  be  straightened  hot;  that  is,  at  a  temperature  above 
903  deg.  F.,  and  before  offering  the  parts  for  test. 

Quality:  12.  All  axles,  shafts,  and  similar  parts  shall  be  free 
from  cracks,  flaws,  seams,  or  other  injurious  imperfections  when 
finished.  Those  which  show  such  defects  while  being  finished  by 
the  purchaser  will  be  rejected  and  returned  to  the  manufacturer, 
^ho  niust  pay  return  freight. 

Finish:^  13.  All  axles,  shafts,  and  similar  parts  must  be  rough- 
tttrned  with  an  allowance  of  H  in,  on  surface  for  finishing,  except 
28 
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on  axle  collars,  which  are  to  be  left  rough-forged.  Turning  must  be 
done  on  6o-deg.  centers  with  clearance  drilled  at  point. 

Branding:  14.  The  heat  number  shall  be  stamf>ed  on  the  rough- 
forged  collar.  After  rough-turning,  the  manufacturer's  name,  heat 
number,  individual  axle  or  shaft,  and  inspector's  mark  shall  be 
stamped  at  a  place  indicated  by  the  purchaser,  except  at  any  point 
between  the  rough  collars. 

Inspection:  15.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  his  contract  is  being  executed,  to 
all  portions  of  the  manufactiurer's  shop  which  concerns  the  manu- 
facture of  material  ordered.  All  reasonable  facilities  shall  be 
afforded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles,  shafts  and  similar  parts  are  being  furnished  in  accordance  with 
the  specifications^  All  tests  and  inspection  shall  be  made  at  the 
place  of  manufacture  prior  to  shipment  and  free  of  cost  to  the 
purchaser.  The  purchaser  shall  have  the  right  to  make  tests  to 
govern  the  acceptance  or  rejection  in  his  own  te^t  room,  or  else- 
where, as  may  be  decided  by  the  purchaser,  such  test,  however,  to 
be  made  at  the  expense  of  the  purchaser  and  to  be  made  prior  to  the 
shipment  of  the  material.  Unless  otherwise  arranged,  any  protest 
based  on  such  tests  must  be  made  within  6  da3rs,  to  be  valid. 
Tests  and  inspection  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  mill. 

Axle  Straightening.  A  screw  press  has  been  successfully  used  to 
straighten  axles  and  shafts  (see  page  306).  A  wheel  press  also  has 
been  used  for  this  purpose.  The  bent  axle  is  first  mounted  be- 
tween adjustable  centers,  the  distorted  section  is  chalked  off  and  the 
axle  is  placed  at  right  angles  to  the  wheel  press.  The  head  of  the 
press  carries  a  recessed  block  to  hold  the  axle  in  position  and  a 
oearing  block  is  placed  between  the  axle  and  the  piston  face. 

Locating  a  Crack  in  Axle.  The  usual  location  of  a  crack  in  a  car 
axle  is  near  key  way  or  shoulder.  It  is  almost  impossible  to  find  a 
crack  until  the  axle  has  been  removed  from  the  truck.  One  method 
of  locating  a  crack  is  to  wipe  the  axle  clean  and  allow  it  to  stand  for  a 
minute  or  two.  After  this  a  crack  may  be  indicated  by  black  grease 
oozing  from  it.  A  lens  will  assist  in  finding  this  indication.  In  a 
doubtful  case  the  axle  is  sometimes  suspended  and  struck  several 
blows  to  cause  it  to  vibrate  and  thus  force  the  grease  out  of  the 
crack. 

Axle  Life.  Factors  Other  than  Crystallization  which  Determine 
the  Life  of  an  Axle,  The  following  are  replies  in  the  1908  Question 
Box,  A.E.R.E.A.  to  the  question:  What  factors  determine  the 
limit  of  Ufe  of  car  axles  or  when  should  axles  be  scrapped? 

M.  M.  Uoyd,  East  St.  Louis  fir  Suburban  Ry.  Co.,  East  St.  Louis: 
When  worn  Ho  in.  below  original  size  on  motor  axle  bearings  and  on 
journal  bearings.  W.  M.  Roberts,  Northern  Ohio  Traction  6*  Light 
Co.y  Akrony  Ohio.  When  Ha  in.  below  original  size.  /.  H.  Adams, 
Augusta- Aiken  Ry.  &•  Light  Co.,  Augusta.  Ga.  Small  size,  worn 
spots,  journals  too  small,  small  wheel  seats.  C.  D,  Emmons.  Ft. 
Wayne  6r  Wabash  Valley  Traction  Co.,  Ft.  Wayne.  Ind.  Breakage 
and  wear  of  journals.  D.  A .  Hegarty,  Little  Rock  Railway  &  Electric 
Co.,  Little  Rock,  Ark.    The  wear  of  the  journal  solely. 

Following  are  replies  in  the  191 1  Question  Box,  A.E.R.E.A.  to  the 
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question:  What  ^  the  maximum  number  of  miles  that  a  high- 
speed interurban  car  axle  should  make  before  it  is  scrapped,  as 
a  safeguard  against  having  broken  axles? 

Wm.  Roberts y  Northern  Ohio  Traction  6*  Light  Co.y  Akron,  Ohio. 
300,000  miles.  C.  Z).  Cass,  Waterloo,  Cedar  Falls  6*  Northern  Ry. 
Co.,  Waterloo,  Iowa.  High-speed  interurban  axle  should  never  be 
scrapped  as  a  safeguard  against  having  broken  axles,  unless  it  shows 
a  flaw.  After  an  axle  has  been  in  service  a  considerable  length  of 
time  and  it  is  necessary  to  turn  journals  and  change  wheels,  this 
axle  should  be  annealed.  After  the  annealing  process,  if  a  flaw 
shows  up  in  the  axle,  it  should  then  be  scrapped,  and  I  consider  it 
perfectly  safe  unless  a  flaw  is  discovered.  Geo.  M.  Knox,  Oklahoma 
Ry.  Co.,  Oklahoma  City,  Okla.  500,000  miles.  H.  M.  Lloyd,  British 
Columbia  Elec.  Ry.,  Ltd.,  Vancouver,  B.  C.  Would  recommend 
200,000  miles.  Axles  should  be  tested  for  cracks  whenever  wheels 
are  changed. 


Chart  Showing   Types  and    Weights    of   3 3 -in.    Cast-iron 

Wheels  Recommended  for  City  and  Interurban 

Service  by  the  Griffin  Wheel  Co. 


33  Cnrred  Arm  Ghuinel  Spoke  Wheel 


33  F.0.8. Wheel 


Weight 
of  car 


Citjr  service, 
2j^-in.  tread 


Spoke 


F.C.S. 


Light    inter- 
urban service, 
3-in.  tread 


Spoke 


F.C.S. 


Weight 
of  car 


Size  of 

axle, 

A.£«.R..E.A. 

(See  p.  428) 


Heavy 
inter- 
urban 

service, 

3H-in- 
tread 


Heavy 
inter- 
urban 
service, 
M.C.B. 
Plg.& 
Trd. 


F.C.S 


F.C.S. 


32,000 


36,000 


40,000 


44,000 


48,000 


53,000 


56,000 


60,000 


64.000 


68,000 


440 


460 


480 


500 


520 


540 


560 


580 


600 


620 


480 


500 


$20 


S40 


560 


580 


600 


490 


Sro 


''   o 


5  SO 


S70 


590 


610 


Sio 


S30 


SSO 


570 


590 


610 


630 


650 


55,000 


60,000 


65,000 


70,000 


75^000 


80,000 


85,000 


90,000 


95.000 


100,000 


E.B. 


E.B. 

E.B.-i 

E.B.-r 

E.G. 

E.C. 

E.C.-r 

E.C.-i 

E.D. 


E.D. 


640 

670 

660 

690 

680 

710 

700 

730 

720 

750 

740 

770 

790 

810 

• 

830 

850 

Notb:    Weights  of 
normal  conditions. 


wheels  in  the  above  tab! 


e  are  for  cars  operated  under 


6 


ELECTRIC  RAILWAY  HANDB(X)K 


jaqoinM 


M 


00 


u 


tj  •Jo:^ou^ 
•qi  'A%i 

•UI 

JO    ozis 

•ui  'IJIJ 
I&aqjVV 

•d  s^s) 
'laaqM, 

'l99qM 


iSoiAias 


M 

M 

M 

M 

M 

M 

M 

4  !? 

to 

00 
M 

M 

^ 

^ 

3^ 

« 

**> 

IS 

M 

M 

M 

M 

M 

;5: 

M 

M 

CD 
M 

• 
• 

:;?^ 

;;?^ 

:;?^ 

:3^ 

;«!: 

SI 

H 

H 

M 

JS 

M 

;5: 

;3!: 

;3!: 

:?: 

;3!: 

;s: 

Si: 

3!: 

^R 

M 

M 

to 

OIN 
M 

M 

M 

M 

M 

M 

M 

M 

;?!: 

;#: 

CO 

■-4 

■-4 

(O 

M 

M 

2^ 

3!1 

ess 


3: 


« 

5: 


Wn  e^ 


«0 


to 


(O 


N^  N*  >5P 

♦^  tirfV  Cv^ 


;3^ 


1-fS  fS. 


i 


« 

^ 


;^ 


ejs 


2^ 


«0 


^ 

•^ 


lO 


:g     :;^ 


«0N 


:s      ;?: 


^ 


«0 


« 


« 


(O 


(O 


« 


« 

W5 


Vi 


tn 


f 


Wi 

« 

a 

9 
« 

a 


QI 

I 


c 

:) 
u 


Vi 

« 

C 

Wi 


I 

p 


ooooooooooooooooooooooooooooooooo 

o      "50      '«r  o  *^  00  o  *^  o  :$     ^000*^00000000*^0 
po      "*  CO      •«*  ^      ^  •^     10 'T     u^io     oo      r»  r»     0000      oo      t^oo      o> 


I? 


I§ 


3? 


8 


o 


8 


o 


8       8 


c< 


10 


1^ 


fO 


15^ 


t*i 


00 

X 


00 
X 


00 
X 


Ok 

X 


Ok 

X 


X 

»o 


00 

X 

3li 


X 


;5i 


:r 


« 

»o 


5: 


5: 

\ri 


« 
5: 


« 


« 


\ri 


«0 


« 
to 


>o 


< 


I 


o 

Ex3 


M 
I 

o 


I 


I 


to 


o 

M 

to 


10 


5 

to 


o 


8 

00 


'O 
to 

00 


10 


fO 


f*jf*jf*7P*5r'5fjf*5f*5^^ 


n 


o 


Ei3      »      »      » 


(^ 


V 
♦» 

;S 

M 

.J 
I 

0 


> 

a 
I 


4* 
o 
I 


CAST-IRON  WHEELS 


437 


mn.     *  ~V 


Pig.  21. — Griffin  Wheel  Co.  P:C.S.  cast-iron  wheel. 

Effectof  Dimensions  on  Weight  of  Cast-iron  Wheel.  Consider- 
ing cast-iron  wheels  of  the  same  general  design,  a  36-in.  wheel  will 
weigh  approximately  100  lb.  more  than  a  33-in.  wheel,  and  a  30- 
in.  wheel  will  weigh  approximately  75  lb.  less  than  a  33-in.  wheel. 
Increasing  the  width  of  tread  affects  the  weight  of  wheel  approxi- 
mately as  foUows: 

Increase  in  weight  of  wheel 
Diameter  of  wheel,  in.  per  inch  increase  in  width  of 

tread,  lb. 
36  60 

33  SO 

30  40 

24  33 

20  24 

Wheel  Grinding.  Chilled  cast-iron  wheels  which  would  have 
been  removed  from  service  because  of  worn  flat  spots,  slight  chip- 
ping, worn  tread,  or  sharp  flange  have  been  made  to  give  from  25 
to  40  per  cent,  more  service  by  grinding.  By  close  attention  to  the 
grinding  out  of  flat  spots  track  and  truck  maintenance  costs  have 
been  reduced  in  addition  to  securing  the  increased  mileage. 
Whether  the  wheel  is  worn  out  or  another  grinding  will  be  eco- 
nomical may  be  decided  from  a  comparison  of  the  worn  diameter 
or  circumference  with  the  original  depth  of  the  chill.  A  high 
abrasive  such  as  emery  or  aluhdum  in  the  form  of  a  block  or  wheel 
nas  been  used  for  the  grinding.  The  best  practice  is  to  grind  both 
mating  car  wheels,  thus  maintaining  the  same  diameter  for  both. 
A  meUiod  of  grinding  out  flat  spots  employed  on  many  roads  is  to 
*ise  a  brake-shoe  of  abrasive  material  untfl  the  flat  spot  is  ground 
out.  This  method  calls  for  close  watching  in  order  that  the  grinding 
shoe  may  be  removed  as  soon  as  the  flat  spot  is  eliminated.  A 
method  which  has  been  used  with  success  is  to  jack  up  the  end  of 
tiae  car  which  carries  the  flat  wheel  and  spin  that  wheel  against  a 
Wock  of  the  abrasive  while  the  other  pair  of  wheels  is  blocked. 
The  iise  of  the  abrasive  in  the  form  of  a  grinding  wheel  in  a  grinding 
Ji^achine  is  most  satisfactory.  A  separate  grinding  wheel  is  used 
lor  each  of  the  mating  car  wheels.  The  car  wheels  and  grinding 
yheels  are  revolved  in  opposite  directions  and  the  dust  is  con- 
ducted away  by  a  blower.    The  car  wheels  are  revolved  at  10  to 
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15  r.p.m.  The  grinding  wheels  are  from  14  to  18  in.  in  diameter  by 
from  2  to  2Vi  in.  in  thickness  and  have  a  peripheral  speed  of  about 
5000  ft.  per  minute.  In  some  machines  the  feed  is  automatic.  The 
power  required  depends  upon  the  rapidity  of  grinding,  but  for 
ordinary  work  it  amounts  to  about  10  h.p.  There  are  two  general 
types  of  grinding  machine;  the  floor  grinder  and  the  pit  grinder. 
In  using  the  floor  grinder  the  axle  carrying  the  pair  of  wheels  to  be 
ground  is  removed  from  the  truck  and  mounted  in  bearings  in  the 
grinder,  a  sprocket  wheel  is  fastened  to  the  axle  and  it  is  revolved 
by  a  chain  driven  by  the  motor  which  drives  the  wheels.  In  the 
pit  grinder  the  end  of  the  car  carrying  the  flat  wheel  is  raised,  a 
short  piece  of  rail  is  removed  from  beneath  each  of  the  wheels  to 
be  ground,  the  grinding  wheels  are  adjusted  to  the  wheel  treads  in 
place  of  the  rails  removed  and  the  car  motor  driving  the  pair  of 
wheels  being  ground  is  run  with  the  controller  on  the  first  notch 
and  a  water  rheostat  is  used  in  place  of  the  regular  grid  resistor. 
If  trailer  wheels  are  to  be  ground  a  sprocket  wheel  is  attached  to 
their  axle  and  is  driven  by  the  grinder  motor.  The  removal  of 
ordinary  flat  spots  requires  from  10  to  40  minutes  actual  grinding. 
It  has  been  found  advantageous  to  grind  chilled  cast-iron  wheels 
after  mounting  them  and  before  putting  them  into  service.  Such 
grinding  will  correct  for  possible  defects  and  thus  aid  in  securing 
the  most  satisfactory  wheel  service.  Wheels  may  thus  be  brought 
to  the  same  diameter,  wheels  out  of  round,  or  warped,  may  be  trued, 
and  in  case  the  axle  has  not  been  turned  perfectly,  the  wheels  bored 
not  in  the  center,  or  the  wheel  improperly  pressed  onto  the  axle, 
grinding  the  wheel  will  make  the  wheel  tread,  flange  and  journal 
coaxial. 


Solid  Wrought  Carbon-Steel  Wheels  for  Electric  Railway 
Service    (A.E.R.E.A.  Standard  Specification) 

Process:  i.  Steel  for  wheels  shall  be  made  by  the  open-hearth 
process. 

Discard:  2.  A  sufficient  discard  shall  be  made  from  each  ingot 
to  secure  freedom  from  injurious  pipes  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the 
following  limits  in  chemical  composition: 

Acid  steel  Basic  steel 

Carbon 0.60  to  o.  80  per  cent.  0.65  to  o.  85  per  cent. 

Manganese o . 60  to  o.  80  per  cent.  o. 60  to  o.  80  per  cent. 

Silicon o.  15  to  0.35  per  cent.  o.  zo  to  0.30  percent. 

Phosphorus,  not  over . .  0.05  per  cent.  0 .  OS  per  cent. 

Sulphur,  not  over o .  05  per  cent.  0 .  05  per  cent. 

Sample  for  Chemical  Analysis  {Ladle  Analysis):  4.  To  determine 
whether  the  material  conforms  to  the  requirements  specified  in 
Secrion  3,  ah  analysis  shall  be  made  by  the  manufacturer  from  a 
test  ingot  taken  during  the  pouring  of  each  melt.  A  copy  of  these 
analyses,  together  with  the  necessary  identifying  records,  shall  be 
furnished  to  the  purchaser  or  his  representative. 

Check  Analysis:  5.  A  check  analysis  may  be  made  by  the 
purchaser  of  drillings  obtained  by  drilling  through  the  plate  of  one 
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wheel,  selected  at  random  from  each  heat,  two  holes  of.  suitable 
size,  ninety  (90)  degrees  apart,  and  so  located  as  not  to  impair  the 
usefulness  of  the  wheel,  drUling  for  analysis  being  by  boring  entirely 
through  the  plate  of  the  wheel  parallel  to  the  axis  of  the  wheel. 
Drillings  shall  be  clean  and  free  from  scale  or  other  foreign  sub- 
stances, and  may  be  analyzed  either  separately  or  mixed,  at  the 
discretion  of  the  engineer.  Analyses  from  these  drillings  shall 
conform  to  the  requirements  specified  in  Section  3  and  shall  not 
vary  more  than  ten  (10)  points  in  carbon  from  the  heat  analysis, 
and  when  analyzed  separately  shall  not  vary  more  than  ten 
(10)  points  in  carbon  from  each  other,  except  that,  if  analyses  of 
drillings  vary  more  than  ten  (10)  points  in  carbon  from  the  heat 
analysis  but  still  fall  within  the  limits  specified  in  Section  3,  then 
drillings  from  two  additional  wheels  from  the  heat  so  varying  may 
be  taken  and  the  average  of  the  analyses  from  the  three  wheels 
substituted  for  the  analysis  from  the  test  ingot,  as  the  heat 
analysis. 

Finish:  6.  All  wheels  shall  be  free  from  injurious  seams,  cracks, 
laminations  or  other  defects  detrimental  to  strength  or  service. 
Wheels  for  inspection  must  not  be  painted  or  covered  with  any 
substance  to  in  any  way  hide  defects,  nor  rusted  to  such  an  extent 
as  to  hide  defects. 

Workmanship:  7.  Wheels  are  to  be  furnished  with  rim  contours 
niachined  and  to  the  tolerances  designated  as  (b)  except  that  when 
service  conditions  permit  and  when  agreed  to  by  the  purchaser,  rim 
contours  may  be  either  unmachined  or  machined  and  shall  conform 
to  tolerances  (a).  All  dimensions  shall  conform  to  the  dimensions 
of  Drawing  No.  — ,  which  is  made  a  part  hereof,  subject  to  the 
tolerances  designated.     (See  Fig.  22.) 

Height  of  Flange:  y(a)  The  height  of  the  flange  shall  not  vary 
from  the  dimension  specified  more  than  (a)  H«  in.  or  (b)  H2  in. 

Thickness  of  Flange:  7(6)  The  thickness  of  flange  shall  not  vary 
from  the  dimension  specified  more  than  (a)  He  in.  or  (b)  Ha  in. 

Radius  of  Throat:  7(c)  The  radius  of  throat  shall  not  vary  from 
tbe  dimension  specified  more  than  (a)  H«  in.  or  (b)  H2  in. 

Thickness  of  Rim:  7 (d)  The  thickness  of  rim  shall  not  vary  from 
the  (hmension  specified  more  than  H  in.  over  or  h  in.  under. 

Width  of  Rim:  7(e)  The  width  of  rim  shall  not  vary  from  the 
dimension  specified  more  than  (a)  H  in.  or  (b)  Ho  in. 

Thickness  of  Plate:  7(f)  The  thickness  of  plate  shall  not  vary 
from  the  dimension  speaned  more  than  Ha  in.  per  h  in.  thickness  of 
plate. 

Limit  Groove:  y(g)  When  limit  groove  is  specified,  the  location 
of  the  center  of  limit-of-wear  groove  shall  not  vary  from  the  dimen- 
sion specified  more  than  Ho  in. 

THameter  of  Bore:  7(A)  The  diameter  of  bore  shall  not  vary  from 
that  specified  more  than  Ho  in.  over  or  H  in.  under.  When  not 
^®afied,  the  diameter  of  rough  bore  shall  be  \i  in.  less  than  the 
diameter  of  finished  bore,  subject  to  the  above  limitations. 

THameter  of  Ht^:  7(1)  The  diameter  of  hub  shall  not  be  less,  but 
Jjay  be  fi  in.  more  than  that  specified,  but  the  thickness  of  wall  of 
u\R  finished  bored  hub  shall  not  be  less  than  i  in.  at  any  point  for 
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bores  up  to  6  in.  in  diameter,  and  oot  less  than  m  in.  for  bores  over 
6  in.  in  diameter  unless  otherwise  specified. 

Eccentricity  ej  Hub:     7(ii)  The  thickness  of  hub  wall  sitall  not 
vary  more  than  H  in.  between  any  two  points  in  the  (Uameter  of  the 
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Black  Sfols  on  Hub:     jQ)  Black  spots  deeper  than  h«  in.  will    | 
not  be  permitted  in  rough  bote  within  two  (2)  inches  of  either  face 

Eccentricity  of  Bare:     7(m}  The  eccentricity  of  bore  between  the 
center  line  of  tread  and  center  line  of  rough  bore  shall  not  exceed 
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Rotundity:  7(0)  Wheels,  except  those  with  full  machined 
contour  shall  be  gaged  with  a  ring  gage  and  the  opening  between 
the  gage  and  tread,  at  any  point,  shall  not  exceed  H«  in. 

Plane:  7(^)  Wheels  shall  be  gaged  with  a  ring  gage  concentric 
with  and  perpendicular  to  the  axis  of  the  wheel.  All  points  on  the 
gage  line  equidistant  from  the  center  and  the  center  hne  of  throat 
aiid  flange  at  all  points  must  bear  the  same  relation  to  the  plane 
ring  gage  as  the  back  of  the  flange  does  to  the  ring.  These  meas- 
urements shall  not  vary  from  those  specified  more  than  (a)  H«  in. 
or  (b)  Ha  in. 

Tape  Sizes:  7(g)  Wheels  shall  not  vary  from  the  tape  sizes 
specified  more  than  foiir  (4)  tapes  under  or  six  (6)  tapes  over  except 
that  wheels  with  treads 
wider  than  three  (3)  inches 
may  vary  five  (5)  tapes 
under  or  nine  (9)  over. 

Mating:  y(r)  All  wheels 
shall  be  measured  by 
standard  tape  and  the 
tape  numbers  clearly 
marked  on  the  web  of  the 
wheel.  Wheels  shall  be 
shipped  in  pairs  mated  by 
tape  numbers  and,  so  far 
as  possible,  also  by  heat 
numbers.  Wheels  having  „ 
machined     contours     shall       ^^°-  23.— Tolerance  gage  for  steel  wheels. 

not  be  mated  with  wheels  having  unmachined  contours. 

Gages  and  Tapes:  8.  The  manufacturer  shall  provide  suitable 
gages  and  tapes  which  shall  conform  to  the  contour  and  dimensions 

of  the  wheels  shown  in  Drawing  No.  ,  and  approved  by  the 

purchaser.     (For  tolerance  gage  see  Fig.  23.) 

Branding:  9.  Wheels  shall  be  stamped  with  the  manufacturer's 
mark,  heat  number  and  serial  number  of  the  wheels,  while 
!»t,  in  such  manner  that  each  wheel  may  at  any  time  be  readily 
identified.  The  wheel  shall  be  so  marked  as  to  indicate  its  loca- 
tion in  the  ingot  when  more  than  one  wheel  is  made  from  an 
ingot.    (See  Fig.  24.) 

Inspection:  10(a),  The  inspector  representing  the  purchaser 
shall  have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  wheels  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
facilities  to  satisfy  him  that  the  wheels  are  being  furnished  in  ac- 
cordance with  this  specification.  Tests  and  inspection  shall  be 
made  prior  to  shipment  unless  otherwise  arranged. 

10(6).  The  purchaser  may  make  the  tests  to  govern  the  ac- 
ceptance or  rejection  of  material  in  his  own  laboratory  or  elsewhere. 
Such  tests,  however,  shall  be  made  at  the  expense  of  the  purchaser. 

10(c).  All  tests  and  inspection  shall  be  so  conducted  as  not  to  in- 
terfere unnecessarily  with  the  operation  of  the  works. 

10(d),  Wheels,  which  show  injurious  defects  while  being  finished 
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by  the  purchaser,  will  be  rejected,  and  returned  to  the  manufacturer, 
who  shall  pay  return  freight. 

io(e).  Unless  otherwise  arranged,  any  rejection  based  on  tests 
made  in  accordance  with  section  io(6)  shall  be  reported  within  lo 
working  days  from  the  receipt  of  samples. 

io(/).  Samples  tested  in  accordance  with  section  10(b) ,  which 
represent,  rejected  material,  shall  be  preserved  for  2  weeks  from 

the  date  of  the  test  re- 
port. In  case  of  dissatis- 
faction with  the  results 
of  the  tests,  the  manufac- 
turer may  make  claim  for 
a  re-consideration  within 
that  time. 

10(g).  The  manufac- 
turer shall  replace,  free 
of  charge,  any  wheels 
sold,  delivered  and  manu- 
factured under  this  speci- 
fication that  may  at  any 
time  prove  defective  in 
either  material  or  work- 
manship. 

Rolled  Steel  Wheds. 
The  general  replies  from 
fifty  operating  companies 
to  questions  regarding 
solid  steel  wheels  sent  out 
by  the  1909  Committee  on  Equipment,  A.E.R.E.A.,  were  as  fol- 
lows: The  diameters  when  new  range  from  30  t0  37H  in.  New 
rims  are  from  2  to  sH  in.  thick.  These  are  worn  down  by  some 
companies  to  as  low  as  H  in.  Others  wear  down  to  iH  in.,  while 
the  average  considers  H  in.  to  be  safe.  The  average  number  of 
turnings  is  three.  Solid  rolled  steel  wheels  are  considered  safer  than 
steel-tired  wheels  for  interurban  service.  They  are  also  held  to  be 
more  economical,  scrap  considered.  The  diameter  of  hub  face 
which  bears  against  the  collar  of  axle  liner  considered  most  desirable 
was  as  follows:  9  in.  for  motor  of  not  over  45  h.p.;  10  in.  for  motor 
of  over  45  h.p.  and  less  than  100  h.p.;  lOVi  in.  for  motor  of  over 
100  h.p. 

Mileage  between  Turnings  of  Steel  Wheel.  Following  are  replies 
in  the  1909  Question  Box,  A.E.R.E.A.  to  the  question:  In 
using  steel  wheels,  what  mileage  should  be  had  between  turnings, 
what  wear  from  service,  and  how  much  turned  oflF? 

L.  E,  Sinclair^  Washington  (D,  C.)  Railway  and  Electric  Co. 
About  25,000  miles  between  turnings,  approximately  H  in.  in  di- 
ameter of  wear,  and  we  turn  down  from  ^  in.  to  i  in.  in  diameter. 
L.  W,  Jacques,  Fort  Wayne  (Ind.)  &  Wabash  Valley  Traction  Co. 
About  45,000  and  as  little  to  be  turned  ofif  as  possible  to  obtain  the 
contour  of  the  flange. 

The  average  pair  of  solid  rolled  steel  wheels  in  the  New  York 
Subway  nms  15,000  to  20,000  miles  before  requiring  turning,  and 


Fig.  24. — ^A.E.R.£.A.  standard  marking  for 

steel  wheels. 
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each  pair  has  a  life  of  about  five  tuinings.  The  average  reduction 
in  diameter  is  ^i  in.  per  turning. 

From  tests  on  the  Brooklyn  Rapid  Transit  System,  191 1,  it  was 
concluded  that  a  steel  wheel  on  a  surface  car  will  run  about  8000 
miles  per  H«  in.  radial  wear. 

Wheel  Turniiig.  New  York  Subway  wheels  are  turned  in  two 
Pood  center-drive  lathes.  Of  these  one  is  driven  by  a  20-h.p.  motor 
and  the  other,  which  is  one  of  a  newer  and  heavier  type  of  construc- 
tion, by  a  40-h.p.  motor.  The  latter  is  equipped  with  air-operated 
tail  stocks  and  both  have  the  cutting  tools  clamped  in  the  tool  post 
by  means  of  compressed  air.  The  output  of  the  former  lathe  is 
twelve  pairs  of  wheels  per  day,  while  the  latter  machine  has  a 
capacity  of  twenty  pairs  per  day.  Payment  of  the  operators  of 
these  machines  is  made  by  the  inch  of  finished  diameter  of  wheels. 
The  small  lathe  pa3rs  i  cent  per  inch  of  finished  diameter,  but  on 
account  of  its  great  capacity  and  its  labor-saving  devices  the  large 
lathe  pays  but  H  cent  per  inch.  The  great  sti£fness  and  pulling 
power  of  the  latter  machme  permits  the  finished  cut  on  the  wheels  to 
be  taken  with  a  forming  tool  which  gives  proper  contour  with  one 
cut. 

The  necessity  for  turning  is  most  often  determined  by  flange  wear. 
It  may  also  be  determined  by  flat  spots  on  the  tread  or  by  the 
allowable  difference  between  the  circumferences  of  two  wheels 
rigidly  fastened  to  the  same  axle  or  geared  or  linked  together.  This 
allowable  difference  is  often  taken  to  be  H  in.  in  ordinary  electric 
railway  work  and  a  consideration  of  it  is  of  greater  importance  on 
driving  wheels  than  on  trailers. 

Turning  Steel  Wheels  having  Thick  and  Thin  Flanges.  Fol- 
lowing is  the  process  of  the  Twin  Cities  Rapid  Transit  Co.,  Min- 
neapolis, in  correcting  wheels  removed  for  re-turning  which  have 
one  thick  and  one  thin  flange  per  mated  pair  of  wheels.  Each 
pair  of  wheels  is  taped  and  sufiicient  metal  is  turned  from  both  the 
flange  and  tread  01  the  larger  wheel,  which  as  a  rule  is  the  one  with 
the  thick  flange,  to  mate  it  roughly  with  the  wheel  of  smaller  di- 
u&eter.  At  times  it  is  necessary  also  to  turn  slightly  the  outside 
of  the  tread  of  the  thin-flanged  wheel  to  true  it.  Then  a  groove 
H  in.  wide  by  H  in.  deep  is  turned  in  the  tread  of  the  thin- 
flanged  wheel,  at  the  point  where  the  throat  of  the  renewed 
flange  should  begin  to  form.  After  the  treads  of  both  wheels 
have  been  rough-mated  in  the  foregoing  manner,  they  are  set 
in  the  wheel  grinder  where  the  treads  are  brought  accurately 
to  the  same  diameter.  This  grinding  process  is  continued 
until  the  treads  are  perfectly  polished  and  true,  except  at  the 
groove  in  the  thin-flanged  wheel,  which  may  or  may  not  be  removed, 
depending  on  the  depth  of  grinding  necessary  to  true  the  wheels. 
The  size  and  the  location  of  the  groove  serves  only  as  a  guide  to  the 
workman  doing  the  grinding  as  it  defines  the  tread  widtfi.  The 
existence  of  the  groove  also  makes  it  easy  for  a  workman  to  bring 
the  grinding  tool  close  up  to  the  proper  place  for  the  root  of  the 
flange,  with  the  result  that  the  tread  is  ground  true.  In  consequence, 
wheels  readily  adjust  themselves  to  the  right  position  on  the  track, 
and  at  least  the  immediate  tendency  to  continue  the  cutting  of  the 


444  ,  ELECTRIC  RAILWAY  HANDBOOK 

flanges  after  they  have  been  restored  in  service  has  been  eliminated. 
Although  the  depth  of  the  groove  in  the  tread  is  H  in.  after  the  wheel 
has  been  turned,  the  grinding  process  practically  removes  aU  evidence 
of  it  from  most  wheels.  That  portion  of  the  groove  remaining  on 
some  wheels  after  the  grinding  process  has  been  found  not  to  affect 
the  wear  in  any  way.  This  is  probably  due  to  the  fact  that  it  is 
turned  at  a  point  on  the  tread — ^namely,  the  throat  of  the  flange — 
which  under  ordinary  conditions  does  not  come  in  contact  with  the 
raU  or,  at  least,  does  not  come  in  contact  with  it  until  the  wheel  has 
been  in  service  for  some  time.  At  first  therfe  was  considerable 
apprehension  as  to  the  effect  of  the  grooves  in  operation.  Records 
show,  however,  that  they  have  not  been  responsible  for  derail- 
ments, either  at  switches  or  curves.  When  wheels  treated  by  this 
process  are  replaced  in  the  truck  they  are  reversed  from  their  origi- 
nal position  and  made  trailing  wheels  if  they  were  leading,  or  vice 
versa.  No  efforts,  however,  are  made  to  replace  the  wheels  \mder 
the  car  from  which  they  were  removed.  This  makes  it  pK>ssible 
to  conform  to  the  rule  of  reversing  the  wheels  at  all  times,  but  as  a 
general  rule,  if  a  pair  of  wheels  is  brought  into  the  shop  as  No.  i 
wheels,  they  are  replaced  in  service  as  No.  2  wheels.  In  some 
instances,  the  trucks  are  turned  and  placed  at  the  opposite  end 
of  the  car  from  which  they  were  removed.  This  interchange  of 
trucks  restores  the  wheels  to  the  same  position  under  the  car  as 
they  were  before  removal  for  turning.  Wheel  removals  for  thin 
flanges  after  receiving  the  foregoing  treatment  are  rare. 

Mounting  Wheels.  The  following  specifications  were  submitted 
for  consideration  at  the  19 10  Convention  of  the  Master  Car  Builders' 
Association:  Axle  wheel  fit  must  be  turned  as  smooth  as  pos- 
sible with  lathe  tool  having  flat  cutting  edge.  Finishing  cut  must 
not  be  taken  with  lathe  feed  coarser  than  16  pitch.  Taper  on 
axle  wheel  seat  for  entering  wheel  must  not  exceed  ^  in.  in  length 
and  must  be  turned  with  broad,  straight-faced  tool,  making  regi^ 
taper  without  ridges  or  rings.  Wheel  fits  to  be  calipered  at  three 
points,  namely:  i  in.  from  each  end  and  middle,  and  other 
p>oints  if  indications  point  to  excessive  variations  in  diameter. 
Axles  shall  not  be  considered  as  suitable  for  mounting  where  there 
is  a  difference  in  diameter  between  any  two  measurements  exceeding 
0.003  in.  This,  however,  shall  not  be  construed  to  mean  that 
wheel  seats  from  each  end  of  axle  are  to  be  of  one  size.  Each  tenth 
axle  from  each  lathe  shall  be  measured  for  soundness.  No  axle 
varying  over  o.ooi  in.  when  measured  at  two  points  90  deg.  apart 
on  circumference  at  equal  distance  from  end  shall  be  considered  as 
suitable  for  mounting. 

Wheels  to  be  bored  smooth.  Finishing  cut  shall  be  made 
with  tool  or  tools  having  a  cutting  face  at  least  Me  in.  wide.  Feed 
not  to  exceed  8  pitch.  To  be  bored  with  a  rough  and  finishing 
cut.  The  finishing  cutter  when  taking  the  finishing  cut  must  not 
be  cutting  when  roughing  tool  is  also  rough  boring,  unless  the 
finishing  tool  is  supported  independent  of  roughing  tool,  the 
latter  to  prevent  spring  of  roughing  tool  being  transmitted  to  finish 
tool,  causing  an  irregular  bore. 

Wheels    to    be   cahpered    with    micrometer    caliper.    A  wheel 
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varying  over  0.002  in.  in  any  two  diameters  will  not  be  considered 
satisfactory  for  mounting. 

Mounting  presses  to  be  provided  with  recording  pressure  gages. 
All  wheels  not  mounted  within  limits  given,  or  wheels  that  are  forced 
against  shoulder,  to  be  withdrawn. 

It  would  be  very  desirable  if  all  shops  were  to  adopt  one  angle 
for  lathe  centers.  Generally,  lathe  centers  used  for  ordinary  work 
are  60  deg.,  including  angle.  If  this  were  adopted  for  all  axle  work, 
it  would  result  in  the  axles  running  true  on  centers,  reducing  the 
amount  of  material  necessary  to  turn  away  when  truing  up  axles 
that  have  been  previously  turned. 

Mounting  Pressure.  The  committee  which  submitted  the  above 
specifications  recommended  the  following  mounting  pressures: 


M.C.B. 

axle 
(see  p. 

429) 


Size  of 
journal 


Wheels 


Cast  iron,  tons 


Maximum 


Minimum 


Steel,  tons 


Maximum 


Minimum 


A 

3H  in.  by  7  in. 

44 

36 

66 

54 

B 

4H  in-  by  8  in. 

44 

36 

66 

It 

C 

S   in.  by  9  in. 

55 

45 

83 

D 

SH  in.  by  10  in. 

55 

45 

83 

68 

The  workmanship  in  boring  the  wheel  and  turning  the  wheel 
seat  of  the  axle  should  be  specified  when  specifying  the  mounting 
pressure. 

In  New  York  Subway  Service  wheel  seats  on  axles  receive  a  dead 
smooth  finish.  After  the  finishing  cut  in  the  axle  lathe  they  are 
run  over  lightly  with  a  file.  Wheels  are  bored  with  an  expansion 
boring  bar  to  required  sizes  and  pressed  on  over  a  coat  of  white 
lead  on  the  wheel  seat.  Motor  wheels  are  pressed  on  at  pressures 
between  the  limits  of  60  tons  and  90  tons.  Pressures  between  50 
tons  and  75  tons  are  used  for  trailer  wheels.  Motor  wheel  hubs 
on  both  sides  of  the  wheel  are  banded  with  steel  rings  2H  in.  high 
and  154  in.  thick,  the  hub  diameter  at  the  point  of  banding  being 
10  in.  The  hub  rings  are  added  to  give  additional  security  against 
loose  wheels  and  their  installation  has  absolutely  stopped  this 
common  trouble.  They  are  shrunk  on  at  gas-flame  temperature 
with  a  shrinkage  of  o.ooi  in.  per  inch  of  hub  diameter.  The  rings 
are  applied  after  pressing  the  wheel  on  the  axle. 

Removing  Wheel  from  Axle.  The  pressure  ordinarily  required 
to  remove  a  wheel  from  its  axle  will  vary  from  two  to  five  times 
that  at  which  the  wheel  was  mounted.  The  wheel  press  is 
often  used  to  apply  this  pressure  whose  amount  generally  lies  be- 
tween 150  tons  and  300  tons.  Heating  the  wheel  and  hammering 
wlule  the  pressure  is  applied  are  often  resorted  to  in  starting  the 
wheel.  A  drop  hammer  has  also  been  used  alone  to  start  the 
wheel  which  was  afterward  removed  by  the  wheel  press. 

Shrink  Fits.  The  process  of  shrinking  wheels  and  gears  to  axles 
and  tires  to  wheels  is  outlined  in  the  following  citation  of  the 

gractice  on  the  New  York,  Westchester  and  Boston  Railway  by 
[r.  R.  R.  Potter:    The  parts  are  bored  accurately  to  a  certain 
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diameter  in  relation  to  the  axle,  micrometers  being  used  in  measur- 
ing.   The  part  is  then  heated  and  placed  on  the  axle  without  pres- 
sure.   By  this  method  there  is  no  abrasion  on  the  finished  surfaces 
of  the  aide,  wheel  or  gear  due  to  the  process  of  application.     Also, 
as  heat  is  applied  to  the  part  when  it  is  removed,  very  little  abrasion 
occurs,  due  to  the  process  of  removal.    In  addition,  the  parts  may 
be  replaced  in  their  original  positions  a  number  of  times,  without 
loss  of  holding  power.    The  axles,  at  the  location  of  wheel  seats,  are 
carefully  finished. and  filed  as  smooth  as  possible.    Wheels  and 
gears  as  well  as  tires  are  bored  o.ooi  in.  smaller  than  the  axle  or 
wheel  center  per  inch  of  diameter  of  bore,  and  then  they  are  heated 
and  slipped  into  place.  After  the  wheels  have  been  applied  and  have 
cooled,  they  are  tested  in  the  wheel  press  at  a  pressure  of  lo  tons 
per  inch  diameter  of  bore.    The  gears  are  heated  at  center  with  a 
torch  using  compressed  air  and  dty  gas,  but  the  rims  are  not  allowed 
to  go  above  300  deg.  F.,  as  measured  with  a  thermometer  set 
with  the  bulb  in  a  special  cup.  which  fits  between  the  gear  teeth. 
It  is  found  that  this  temperature  invariably  gives  sufficient  expan- 
sion to  permit  gears  to  be  slipped  on  without  any  pressure.   Wheeb 
are  heated  with  the  same  torch  until  a  drop  of  water  at  the  middle 
of  the  spoke  will  boil  freely  when  dropped  onto  it.    Wheels  some- 
times require  a  slight  pressure  in  addition  to  the  heating  to  move 
them  into  place,  but  this  is  negligible  in  comparison  with  those  used 
in  ordinary  press  fits.    When  wheels  or  gears  are  thus  shrunk  onto 
the  axles,  the  microscopic  points  of  metal  are  not  smoothed  down 
as  they  are  when  a  wheel  is  pushed  on  cold,  and  the  result  is  that 
these  points  interlock  and  make  a  very  close  and  secure  fit. 

Holding  Power  of  Steel  Tire.  In  the  New  York  Subway  where 
wheels  are  heated  excessively  due  to  frequent  great  acceleration 
and  heavy  braking,  the  highest  temperature  of  the  tire  of  a  wheel 
just  taken  from  service  was  found  to  be  145.4  deg.  F.,  and  the 
corresponding  temperature  of  the  hub  was  87.8  deg.  F.  After 
this  was  investigated,  the  holding  power  of  steel  tires  shrunk  on 
with  the  standard  shrinkage  allowance  of  0.00 1  in.  per  i  in.  diame- 
ter was  calculated.    The  results  are  shown  by  the  following  table;. 


Shrinkage 

Temp. 
of  tire 

Temp, 
of  hub 

Radial  pressure  of  tire  on  wheel  center  ■ 

allowance 

Tire  2$i  in.  thick 

Tire  iH  in.  thick  1 

0.03  in. 
0.03  in. 

60°  F. 
145**  F. 

60°  P. 
88*  F. 

6070  lb.  per  sq.  in. 
3970  lb.  per  sq.  in. 

2600  lb.  per  sq.  in.  1 
1700  lb.  per  sq.  in.  I 

Percentage  reduction  in  holding  power  caused  by  wear,  57  jier  cent* 
Percentage  reduction  in  holding  power  caused  by  heat,  35  per  cent 
Percentage  reduction  in  holding  power  caused  by  wear  and  heal 

92  per  cent 

Life  of  Wheel:  Solid  Steel,  Steel  Tired  and  Cast  Inm.  F0II01 
ing  are  replies  in  the  1909  Question  Box,  A.E.R.E.A.,  to  the  qu< 
tion:  What  is  considered  good  mileage  for  solid  steel  wheels,  sU 
tired  wheds  and  cast-iron  wheels,  allowing  three  turnings  fc 
steel? 
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L,  E.  Sinclair,  WaskingUm  (D.  C.)  Ry.  &•  Eledric  Co.  For  steel 
and  steel  tired  wheels,  an  average  of  about  90,000  miles;  cast-iron 
wheels,  about  40,000  miles.  L,  W,  Jacques^  Ft,  Wayne  (Ind.) 
6*  Wabash  VaUey  Trac,  Co.:  250,000  miles,  220,000  miles  and 
45,000  miles,  respectively.  W,  R.  McRae,  Toron^  Ry,  Cot  Cast- 
iron  wheels  should  average  from  35,000  to  45,000  miles.  Wm. 
A.  Houses  The  United  Rys.  6*  Electric  Co.  of  Baltimore.  Steel 
wheels  should  give  at  least  150,000  miles,  and  cast-iron  wheels  should 
give  at  least  30,000  miles.  D.  A.  Uegarty,  Little  Rock  {Ark.)  Ry. 
&•  Electric  Co.  Cast-iron  wheels  we  used  gave  us  an  average  of 
58,000  miles  in  1908.  Dudley  Montgomery ,  Southern  Wisconsin 
\Ry.  Co.:  40,000  miles  for  cast-iron  wheels  on  12-ton  car.  M.  M. 
Lloyd,  East  St.  Louis  (III.)  &*  Suburban  Ry.  Co.  Depending  upon 
service  conditions,  cast-iron  wheels  should  average  40,000-  miles. 

The  rim  of  a  new  soUd  steel  wheel  on  the  New  York  Subway  is 
3H  in.  thick  and  when  this  is  turned  down  to  iH  in.,  the  wheel  is 
scrapped. 

The  life  of  chilled  cast-steel  wheels  used  by  the  Columbus  Rail- 
way and  Light  Co.  is  73,157  miles  for  i8-in.  and  2o-in.  pony  wheels 
and  61,563  miles  for  33-in.  wheels. 

At  the  191 1  Convention  of  the  Iowa  Street  and  Interurban 
Association  Mr.  C.  M.  Feist  of  the  Sioux  City  Service  Company 
called  attention  to  the  high  mileages  obtained  as  a  result  of  careful 
attention  and  the  use  of  a  wheel  grinder.  The  average  life  of  cast- 
iron  wheels  on  the  Sioux  City  property  as  determined  for  a  period 
of  6  years  was  97,000  miles  for  30-in.  wheels  and  137,000  miles  for 
33-in.  wheels.  The  wheels  had  about  a  %-in.  chill  and  were  worn 
down  about  i  in.  in  diameter  before  scrapping.  All  wheels  were 
ground  before  being  put  into  service. 

See  also  page  466  on  flange  lubrication. 

Wheel  Defects.  The  following  relative  to  common  wheel  de- 
fects is  from  a  talk  by  F.  A.  Beebe  of  the  Griffin  Wheel  Co.  at  the 
Hartford  Shops  of  the  Connecticut  Co.,  1910: 

Thin  Flange.  A  thin  flange  may  be  due  to  one  or  more  of  the 
following  causes:  (a)  Wheels  improperly  mated  as  to  diameters. 
(b)  Improperly  mounted  as  to  gage,  (c)  Improperly  put  on  axles; 
that  is,  the  distance  from  end  of  journal  to  gage-line  on  one  end  of 
axle  being  greater  than  the  other,  (d)  Improperly  shaped  flange, 
(e)  Trucks  out  of  true,  {f)  Car  riding  on  side  bearings,  preventing 
free  movement  of  the  truck,  bringing  the  work  of  turning  on  the 
flange,  (g)  Track  out  of  gage  on  curves,  {h)  Improper  elevation 
of  outer  rail,  (i)  Running  car  in  one  direction;  that  is,  when  car 
at  the  end  of  the  line  runs  around  a  loop  instead  of  being  turned. 
(-'*)  Sanding  one  rail,  causing  one  wheel  to  wear  down  faster  than 
its  mate. 

Warped  Flange,  A  cast-iron  wheel  flange  warpage  of  about  fie 
in.  is  allowable. 

Elimination  of  Flat  Spots,  (a)  See  that  the  brake-shoes  are 
properly  adjusted,  (b)  Braking  apparatus  adjusted  so  that  in 
coming  to  a  stop  the  wheel  will  not  lock,  (c)  See  that  the  percent- 
age of  brake  pressure  is  in  proper  relation  to  the  load  on  the  wheels. 
(d)  An  important  point  is  the  manner  of  hanging  the  brake.  Most 
brake  hangers  are  placed  below  a  line  passing  through  the  center 


448 


ELECTRIC  RAILWAY  HANDBOOK 


of  the  axle,  parallel  with  the  trucks,  which  allows  the  brake  to  fall 
away  from  the  wheel  by  gravity.  This  angle  may  be  made  too 
large,  so  that  with  badly  worn  and  loose  parts  the  application 
of  the  brakes  causes  the  shoe  to  crowd  up  against  the  wheel.  This 
makes  a  toggle  joint,  producing  excessive  pressure  on  one  pair 
of  wheels  in  the  truck  causing  them  to  stop  rolling  while  the  othei 
pair  is  still  revolving.  This  is  a  prolific  cause  of  slid  flats  and  also 
results  in  excessive  wheel  wear. 

Wheel  Gage.  Figs.  25  and  26  show  the  wheel  gage  used  on  the 
Bay  State  Street  Railway,  Mass.  The  wheels  are  mounted  ixom 
the  gage-line  and  equidistant  from  a  punch  mark  at  the  center  of 
the  axle.    The  gage  is  made  of  seasoned  ash  with  No.  14  steel  plate 


Note:  _  o\  I 

.  OaoM  tor  Usejn  Qmrhovutea  to  be  made  without  Oenterpolttt. . 

Fig.  25. — Wheel  gage,  Bay  State  St.  Ry. 

on  one  side  and  a  H  in.  thick  steel  plate  on  the  other.  The  latter 
plate  is  machined  out  to  rest  only  on  the  tread  and  contour  of  the 
wheel  at  the  gage-line  and  against  the  back  of  flange,  allowing  merely 
enough  clearance  to  take  care  of  the  tolerance  variation  of  the 
wheel.  The  pointer  placed  at  the  center  has  a  H  by  H-in.  thumb 
screw  at  its  lower  support  to  make  adjustments  for  differences  in  the 
diameter  of  the  wheels. 

Wheel  Wear  Inspection.  Details  of  the  wheel  defect  gage  used 
by  the  Public  Service  Railway  Co.,  Newark,  are  given  in  Fig.  27. 
The  application  of  this  gage  in  testing  wheels  is  shown  by  Figs. 
28  to  33,  inclusive.  Following  are  the  rules  according  to  which 
wheels  tested  are  disposed   of: 

Flange,  i.  Flanges  whose  height  is  greater  than  %  in.  shall  be 
turned  or  ground  down  or  rejected,  excepting  in  case  of  wheels 
with  ^-in.  normal  flange,  in  which  case  the  maximiun  height  shaQ 
be  I  in.  2.  Wheels  having  flanges  less  than  Hin.  height  shall  be 
turned  or  ground  down  or  rejected,  except  for  %-in.  normal  flanges 
which  have  a  height  of  ^He  in.  minimum.  3.  Flanges  greater  than 
iH  in.  in  thickness  shall  be  turned  or  ground  down  or  rejected* 
4.  Wheels  showing  a  "double"  flange  shall  be  turned  or  ground 
down  or  rejected.  5.  Cast  wheels  having  flanges  less  than  H-in, 
in  thickness  measured  at  the  gage-line  shall  be  rejected.  Sted 
wheels  measuring  less  than  H  in.  shall  be  rejected.  6.  Flanges 
having  flat  vertical  surfaces  extending  more  than  H  in.  from 
tread  shall  be  turned  or  ground  to  a  rounded  contour  or  be  re- 
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jected.  7.  All  flanges  showing  small  chips  extending  for  more  than 
30  per  cent,  of  the  circumference  of  the  flangea  shall  be  turned 
or  grotrnd  down  or  rejected;  but  no  chips  00  the  outside  of  the. 
flange  greater  than  »>  in.  deep,  m  in.  long,  H  in.  wide,  or  that 
extend  m  in.  past  the  center  will  be  allowed,  and  no  chips  on  the 


inade  of  the  flange  greater  than  H  la.  deep,  t  in.  long,  a  in.  wide  cr 
that  extend  H  in.  past  the  center  of  the  flange  or  that  are  less  than 
K  in.  from  the  tread  will  be  allowed. 

Tread,     S.  Wheels  having  treads  less  than  i  in.  in  width  shall 
be  rejected,  excepting  ia  case  of  wheels  with  3-in.  normal  tread, 
in  which  case  the  minimum  tread  shall  be  iH  in.    9.  AH  wheels 
2e 
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having  ''shelled-out"  spots  in  tread  exceeding  2  in.  by  H  in.,  or  less 
than  H  in.  from  flange  shall  be  turned  or  ground  down  or  rejected. 
10.  Wheels  showing  seams  more  than  i  in.  long  at  a  distance  of 
y^  in.  or  less  from  the  throat  of  the  flange,  or  seams  more  than  3  in. 
long  on  any  other  part  of  the  tread  shall  be  rejected.     11.  Cast 
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Pig.  27. — Wheel  defect  gage.  Public  Service  Ry.,  N.  J. 

Miii.Hei8bt  ^ 
f  Flanse  Wu 


Min.  Oast  Iron 
flange  ThickneM 

Fig.  28. 


Max.  Vertical 
Flat 

Fig.  29. 


r.  Height 
of  Flanoe  l' 
Fig.  30. 


Applications  of  wheel  defect  gage,  Public  Service. 


wheel  showing  "soft"  spots  (worn  through  the  chill)  on  tread 
exceeding  2  in.  in  length  shall  be  rejected.  12.  Wheels  showing 
"flat"  spots  on  tread  shall  be  turned  or  ground  down  or  rejected. 
Rim.  13.  Cast  wheels  that  are  worn  through  the  chill  or  whose 
rim  is  less  than  i  in.  thick  shall  be  rejected.  Steel  wheels  whose  rim 
is  less  than  H  in.  thick  shall  be  rejected. 
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Gage.  14.  The  distance  back  to  back  of  flanges  shall  not  be  less 
than  4  ft.  5iM«  in.,  Southern  Division  4  ft.  9M«  in.  15,  Wheels 
more  than  H  in.  over  or  H  in.  under  gage  shall  be  reset. 

Details  of  the  wheel  defect  gage  used  by  the  New  York  Subway 
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Pig.  31.  Fig.  32.  Fig.  33. 

Applicatiotis  of  wheel  defect  gage.  Public  Service. 


r* 


._4fL.. 


>J 


U-«^yWk-4  ifaJ>i<"l  */•">! 


T  7" 
i 


"^ 


tH-.^ 


r 


Ip'^ 


!    !f    i 

•  to    V 

f  ! 
..Li. 


K-^-'W-i^>l<jK5r'   '*'* 


r^^<-d>fr->^ 


«  1 

Fig.  34. — ^Wheel  defect  gage.  New  York  Subway. 


Min.  Thickness' 
1^  of  Flai 


Iln.Helght'^ 
of  Flange 


f.  Helgh!i 
of  Fiance 


Lax, 


Pig.  35.  Pig.  36.  Fig.  37. 

Applications  of  wheel  defect  gage,  New  York  Subway. 

^e  given  by  Fig.  34.  The  application  of  this  gage  is  shown  by 
^*?s.  35, 36  and  37.  In  the  contour  tests  the  straight  portion  of  the 
gage  lying  nearest  the  wheel  tread  should  in  all  cases  be  kept  hori- 
zontal—that is,  when  the  wheel  axle  is  horizontal. 
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A.E.R.E  Jl.  Standard  Section  of  Tread  and  Flange  of  WheeL 

For  street  and  interurban  railways,  as  far  as  can  be  applied,  a 
wheel  tread  and  flange  contour,  which  conforms  to  that  shown  in 
Fig.  38  and  indicated  as  Wheel  A  has  been  approved  as  a  standard 
of  the  Association.  This  wheel  has  a  tread  3  in.  wide,  a  flange 
H  in.  high  and  the  thickness  at  the  throat  is  iM«  in*  Wheel  A  is 
further  recommended  for  use  in  interurban  work  with  the  tread 
increased  to  3^^  in.,  and  also  for  city  work  where  it  can  be  used, 

as  this  wide  tread  assists  in 

carrying  the  load  across  special 

^U .  work  without  running  on  the 

■"S^i^^'S^  flange  and  avoids  the  necessity 

'     for    flange    bearing    on    the 


WHEELlA. 


1 


I 
I 

-•M 


special  work.  To  meet  local 
conditions  where  it  is  impossi- 
ble to  operate  with  Wheel  i4. 
Wheel  B  is  standard.  It  has 
a  tread  of  2^  in.  and  a  flange 
H  in.  high.  This  flange  has 
the  same  general  dimensions 
as  Wheel  A  with  the  ex- 
ception of  the  height  above 
the  tread  line.  In  mountiog 
and  gaging  wheels  it  is  under- 
stood that  the  gage-line  is  at  a 
point  on  the  flange  H  in.  above 
the  wheel   tread  and  wheels 


\< iVi6 >i 

Pig.  38. — A.E.R.E.A.  standard  wheel 
treads  and  flanges. 

should  be  gaged  H  in.  narrower  than  the  gage  of  the  track,  the 
track  gage  being  measured  between  points  H  in>  below  the  tops  of 
the  rails. 

Dimensions  of  Rolled  Steel  Wheels  (A^.ILEJL  Recom- 
mended Design).    (Fig.  39.) 

Advantages  of  Large  WneeL  Following  are  some  of  the  ad- 
vantages of  the  large  wheel:  It  affords  greater  mileage  between 
turnings,  gives  lower  journal  surface  speed  with  consequently  com- 
paratively little  wear  and  axle  steel  fatigmng  stresses  per  car  mile, 
causes  smaller  stresses  to  be  set  up  in  wheel  and  rail  suiiaces,  strikes 
lighter  blows  on  the  track  and  is  less  liable  to  give  trouble  at  a 
defective  frog,  switch-point  or  rail.  A  large  wheel  makes  possible 
the  use  of  a  large  gear  and  maximum  gear  reduction  with  a  corre- 
sponding high  motor  speed  which  permits  the  use  of  a  comparatively 
small  light-weight  motor  and  necessitates  the  least  energy  con- 
sumption. Special  installations  may  be  such  that  the  above  ad- 
vantages would  be  inferior  to  the  advantages  accompanying  the 
use  of  very  small  wheels.  Thus,  the  satisfactory  design  of  many 
low  floor  cars  has  demanded  wheels  of  small  diameter. 

Determination  of  Truck  Wheel  Base.  In  a  paper  before  the 
Central  Electric  Railway  Association,  1908,  A.  C.  Vauclain  of  the 
Baldwin.  Locomotive  Work^  stated  that  the  final  determination 
of  the  wheel  base  should,  if  curves  permit,  be  based  entirely  upon 
the  transom  width  being  sufficient  to  allow  a  proper  width  of  bolster 
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and  bolster  spriiigs,  and  the  fixed  length  of  the  motors  measured 
from  their  axle  journals  to  their  supporting  noses. 

Wheel  Base  for  City  Service.  The  following  are  replies  in  the 
Question  Box,  Aera,  1912,  to  the  question:  "Is  a  4-  or  6-tt.  wheel 
oase  truck  best  for  purely  city  service  where  short  radii  curves  are 
used?"  L.  M.  Clark,  Indianapolis  Traction  and  Terminal  Co.  We 
consider  i«side-hung  motor  trucks  of  an  approximate  6-ft.  o-in. 
wheel  base  superior  to  outside-hung  motor  trucks  of  short  wheel 
base  for  the  following  n 
sons:  First,  the  ies 


placement  of  ti 
n  the  t 


'e  effort 
>a!rs  of 


wheels  during 
and  running,  more  partic- 
ularly the  former;  second, 
greater  factor  of  strength 
on  account  of  the  location 
of  motor  suspension  in 
close  proxmuty  to  the  cen 
ter  of  truck  third  less 
wbeel  flange  pressures 
against  rail  heads  required 
to  swivel  trucks  on  curi  es 
aod  also  occumng  during 
ODsmg  periods  fourth 
easier  nding  qualities. 
Mn  Ltndall  Boston  Ele 
Mfed  Ratlit  ay  Co  In  my 
judgment  a  6-ft  wheel 
base  truck  is  preferable  on 
account  of  less  iiabihty  to 
•lerail  less  flange  wear 
atid  Jess  tendency  to  cause 
tail  corrugations  Ceo  H 
JC«M,  Oklalu>ma  Ratlwaj 
Co.  The  use  of  4-ft.  wheel 
l«se  trucks  for  purely  city  "°  ^^^g{ 
service  is  desirable  only  by 
reason  of  the  ease  with  which  they  may  be  operated  over  short  radius 
curves.  Four-foot  wheel  base  trucks  call  for  outside-hung  motors, 
which  it  is  believed  is  not  considered  good  practice.  Four-foot 
wheel  base  trucks  arc  not  as  easy  riding  as  a  6-ft.  wheei  base  and 
are  more  severe  on  the  track  than  a  6-ft.  wheel  base.  A  6-fl. 
wheel  base  truck,  from  the  standpoint  of  easy  riding,  less  wear  on 
the  track,  and  less  maintenance,  is  considered  more  desirable. 

Forseveral  years  the  United  Traction  Co.,  Albany,  N.  Y.,  oper- 
ated trucks  having  a  wheel  base  of  4  ft.  6  in.  On  account  of  this 
Mort  length  these  trucks  gave  much  trouble  when  used  for  the 
high-speed  service  between  Albany  and  Troy.  This  bad  feature 
'raa  removed  by  lengthening  the  trucks  to  a  wheel  base  of  5  ft.  by 
jhe  oxy-acetylene  welding  of  metal  at  an  intermediate  point  in  the 
■tames.    The  favorable  results  from  this  change  confirmed  the 


A  E  R.E.J 


454 


ELECTRIC  RAILWAY  HANDBOOK 


companjr's  belief  that  for  high-speed 
truck  should  oot  be  less  than  the  gaz 
lengthening  a  pair  of  trucks  and  of 
cored  type  was  about  $ioo. 

Wheel  Base  in  Interurban  Service, 
the  practice  on  interurban  roads  are 
Journal.  1906^ 


ervice  the  wheel  base  of  a  1 
^  of  the  track.  The  cost  of  , 
adding  new  steel  bolsters  of  1 


Type  of  truck 

s 

Baldwin  and  Brill... 

Peckham  and  Domet 

Pecliham  and  Doraer 

Barney  and  Smith.,,. 
Barney  and  Smith... 

Cincinnati,  Milford  ft  Lovetand] 

Taylor  special 

4    * 

«W>ani 

Badlus  ol  Carte,  Feet  I 

Pio.  40. — Relation  between  minimum  curve,  wheel  diameter 
and  truck  wheel  base. 

Minim iim  CuTve  fof  Given  Truck.     Fig.  40  by  Graham  Bright,    ! 
Electric  Journal,   1911,   shows   the   relation  between   wheel  size,    ' 
wheel  base  and  minimum  curve.     These  curves  are  plotted  accord- 
ing to  the  expression 

R  =  — i—  (published   by    the     Baldwin    Locomotive    Works) 
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in  which  R  =  radius  of  sharpest  curve  that  can  be  passed,  feet. 
W  =  wheel  base,  feet. 
a  =  angle  which  flanged  wheels  make  with  rail. 

With  diameter  of  wheel  20  in.  to  24  in.  sin  a  =  o.  117 

25            30  =0.107 

31            40  =  0.090 

41            50  ==  0.080 

51            60  =  0.075 

Ball  Bearing  Center  Plates.  The  principal  advantages  of  ball 
bearing  center  plates  over  smooth  plate  bearings  are  that  their 
use  is  accompamed  by  a  minimum  of  flange  wear  and  energy  con- 
sumption on  curves.  They  bring  about  less  liability  to  deraUment 
and  require  less  lubrication. 

A.E.R.E.A.  Standard  Journal  Boxes.  Figs.  41  to  44,  inclusive, 
show  the  A.E.R.E.A.  standard  journal  boxes.  Box  tops  of  two 
designs  are  given.  These  are  to  fit  the  styles  of  trucks  in  general 
use  on  electric  railways.  The  interiors  of  these  boxes  are  arranged 
to  accommodate  the  M.C.B.  journal  bearing  wedges. 

M.C3.  Standard  Journal  Bearing.  The  M.C.B.  standard  jour- 
nal bearings  are  shown  in  Figs.  45  to  48  inclusive. 

A.E.R.E.A.  Standard  Journal  Bearing  Wedges.  Figs.  45  to  48, 
show  the  M.C.B.  standard  journal  bearing  wedges  (journal  bearing 
keys)  which  have  been  adopted  as  standard  by  the  A.E.R.E.A. 
These  are  here  shown  applied  to  the  M.C.B.  standard  journal 
bearing. 

£nd  Wear  of  Journal.  The  following  is  from  the  191 2  report  of 
the  Committee  on  Equipment,  A.E.R.E.A.  (The  facts  were 
determined  by  interviews  with  member  companies; :  First,  end  wear 
on  joumads  is  confined  almost  exclusively  to  the  M.C.B .  form.  Sec- 
ond, the  stop  on  the  end  of  the  axle  is,  with  the  exception  of  the 
journal  brass  itself,  subjected  to  the  greatest  amount  of  wear. 
Third,  end  wear  is  experienced  chiefly  where  cars  are  operated  at 
relatively  high  schedule  speeds  and  where  there  are  a  compara- 
tively large  number  of  short  radius  curves. 

.  That  a  considerable  amount  of  thought  has  been  given  the  matter 
IS  indicated  by  the  various  methods  for  overcoming  the  difficulty, 
the  most  prominent  of  which  are  as  follows:  First,  a  hooded  wedge, 
as  illustrated  in  Fig.  49,  with  a  renewable  wearing  plate  and  means 
provided  for  taking  up  the  wear  on  the  plate  by  installing  shims 
between  the  plate  and  the  inside  of  the  hooded  end  of  the  wedge, 
is  in  fairly  general  use.  This  method  offers  the  advantage  of  the 
use  of  a  standard  journal  box,  journal  and  wedge,  the  ordy  differ- 
ence being  a  slight  modification  of  the  wedge  in  the  form  of  an  exten- 
sion. The  second  most  general  method  of  overcoming  the  end  play 
IS  the  casting  of  guides  integral  with  the  journal  box  so  that  an 
end  stop  of  malleable  iron,  faced  upon  its  bearing  surface  with  bab- 
bitt metal,  can  be  dropped  into  the  guides  in  close  contact  with  the 
^d  of  the  axle,  thereby  imposing  the  lateral  thrust  of  the  axle  upon 
the  end  stop  rather  than  on  the  journal  brass,  the  end  stops  being 
renewed  by  babbitting.  (See  Fig.  50.)  The  chief  advantages  due 
to  this  method  of  overcoming  end  play  are  that  the  stress  set  up  by 
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Pic,  41. — A.B.R.B.A.  itandard  3M-in.  by  T-in.  journal  b 


J%^'-K- 


Pic  41. — A.B.II.E.A.  Btandud  iH-^a  by  S-in.  ioum 


STANDARD  JOURNAL  BOXES 


Fbj.  .43. — A.B.R.B.A.  rtMidard  j-ia.  by  9-iii,  journal  hox. 
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the  lateral  thrust  of  the  axle  is  placed  more  nearly  in  line  with  the 
axle  itself  and  that  the  end  stop  may  be  easily  renewed  without 
jacking  up  the  journal  box.  It  also  serves  to  hold  the  packing  in 
place  upon  the  lower  portions  of  the  journal  and  permits  better 
inspection  of  the  journal  box.  On  the  other  hand,  its  use  is  only 
permitted  in  new  journal  boxes  in  which  the  guides  are  provided  for. 
These  guides,  however,  can  be  arranged  in  the  journal  box  with 
little  trouble  and  without  interfering  with  any  other  parts  and  the 
use  of  the  end  stop  would  then  be  optional. 
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-A.B.R.E.A.  (M.C.B.)  standard  bearing  wedge  M.C.B.  standard 
bearing  for  s-in.  by  9-in.  journal. 
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Joarnd  Bfrsb  for  Hif^  BrakiiiK  Pressure.  Figs.  51  and  53  show 
the  new  journal  brass,  keeper  and  detail  of  axle  end  devejoped  by 
J.  S.  Do)de  for  use  on  the  New  York  Subway.     This  develcf)iaeDt 

was  made  because,  due  to  the  small  bearing  surface  and  great  thrust 


"ue  to  heavy  and  frequently  applied  horizontal  brake  pressure,  the 
™Pnal  M.C.B.  brass  gave  much  trouble  from  heatijig  and  crushing 
ollhe  babbitt  at  the  dde  of  the  box.  The  new  arrangement  has 
■*«  successful.  The  main  feature  of  this  brass  is  the  full  semi- 
'^f'*'™  Cross-section,  wtiichgives  an  ample  bearing  on  each  side  of  the 
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journal  In  order  to  take  the  horizontal  thrust  from  the  brake-shoes. 
The  di^rence  between  it  and  the  standard  bearing  is  shown  in 
Figs.  52  and  53,  which  give  a  conventional  cross-sectiou  of  each  type 


Fio.  45. — "  Hooded  "  wedga. 

of  brass  in  its  box.     It  thus  becomes  similar  to  the  driving  boi 

brasses  used  on  steam  locomotives  which  have  to  take  the  thrusts 

of   the  reciprocating  parts.     It  will  be  noticed  in   Fig.   53   that 

the  usual  collar  on  tlie  journal  has  been  turned  off  and  that  the 

side  play  of  the  wheels  is  taken  up  by 

a  semicircular  bronze  liner  riveted  inside 

the  end  of  the  brass.      The  object  of 

1    this  is  to  provide  a  large  area,  access- 

B    ible  to  the  lubricant,  for  taking  care  of 

5    the  end  thrust  from  the  wheels.     The 

absence  of  a  collar  and  the  movement 

of    the    journal  longitudinally  in   the 

Pic^o.-Joumalboiwithin-   brass  might  appear  to  cause  the  wear- 

tegral  guides  and  end  stop,      Ing  01  a  shoulder  in  the  ocass  Outside 

of  the  normal  position  of  the  end  of  the 

journal.     This   is,  however,    overcome  by  turning  a  groove    just 

inade  of  the  end  liner,  which  is  riveted  to  the  brass,  so  that  the 

actual  bearing  length  on   the  journal   b  constant.     A  side  play 

oE  H  in.  b  allowed  for  all  wheeb  leaving  the  shop.     When  this 
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s  to  H  >n-  the  end  liners  a 
tinned  inude  and  lined  with  Mi  in. 
bored  out  two  at  a  time  in  a  lathe. 

On  the  New  York,  Westchester  and  Boston  Ry.  similar  difficulties 
were  experienced  with  M.C.B.  brasses  and  emergency  braking. 
Fig.  54  shows  a  SW  X  lo  in.  brass  which  gave  satisfactory  ser- 


. — Standard  jaumaJ  bearing. 


vice  when  substituted  for  the  M.C.B.  type.    Thb  brass  has  approxi- 
mately a  semicircle  of  bearing  surface  and  is  provided  with  long 
side  extensions  to  prevent  shifting. 
Lnbricatioa  of  Journal  Bearings.    (A.E.R.E.A.  Miscellaneous 

Methods  and  Practices.)  Once  every  30  days,  providing  cars 
do  not  make  more  than  150  miles  per  day,  or  if  on  a  mileage 
basis,  every  4500  miles.  Journal  bearings  in  high-speed  serv- 
ice   must    be   lubricated  weekly  when   cars  are   making  from 


Flo,  S4- — Special  journal  beai 


'oBtchesl 


300  to  500  miles  per  day,  or  if  on  a  mileage  basis,  every  sjoo 
miles.  In  both  cases  the  journal-box  covers,  springs  and  bolts 
must  be  examined  to  see  that  all  parts  are  in  good  condition 
and  that  the  cover  is  as  nearly  dust-proof  as  possible,  and  that  the 
sponge  is  stirred  up  in  the  boxes,  and  where  it  has  worked  forward, 
pressed  back  in  place,  and  only  a  sufficient  amount  of  oil  applied. 
This  can  only  be  done  by  allowing  a  certain  amount  of  oil  for  each 
car  or  by  thoroughly  educating  certain  men  to  do  this  part'of  the 
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In  the  New  York  Subway  the  lubrication  of  the  journal  boxes  is 
inspected  every  looo  miles  and  every  box  is  repacked  after  10,000 
miles  of  service.  No  free  oil  is  ever  applied.  In  repacking  the  box  all 
the  old  waste  is  removed  and  the  box  is  Med  with  properly  worked 
and  saturated  waste,  which,  however,  is  not  necessarily  new.  The 
oil  consumption  per  journal  in  1908  was  about  0.4  gill  per  1000  car 
miles  for  tne  larger  cars  or  0.0104  gill  per  100  ton  miles. 

PreparatiQii  of  Oil  and  Waste  for  Lubrication.    (See  page  3  23 .) 
,  PacJdng  Tools.     Fig.  55  shows  packing  tools  used  by  the  Chicago 
City  Railway. 

Journal  Temperatures.  The  following  comparing  journal  tem- 
peratures reached  at  different  air  temperatures  are  from  tests  by  the 
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Packing  Hook 
Pig.  sS' — Packing  tools,  Chicago. 

^se  of  the  University  of  Illinois  dynamometer  car  which  is  equipped 
J^th  a  recording  thermometer,  the  bulb  of  which  is  inserted  in  a 
hole  drilled  in  the  body  of  one  of  the  journal  brasses.  The  car 
'Weighs  58,000  lb.  and  is  equipped  with  4H  by  8-in.  journals: 

Average  air  temperature,  deg.  P ^ 63  9 

Approximate  average  test  speed,  miles  per  hour 1.6  15 

Maximum  temperature  attained  by  test-car  journal, 

deg.  P. 116  98 

^Imge  Lubrication.  A  block  of  graphite  pressed  against  the 
wheel  ^mge  or  crude  oil  sprayed  upon  the  wheel  flange  has  been  used 
to  lubricate  the  flanges.  Fig.  56  shows  the  general  scheme  of  the 
«ectropneumatic  apparatus  developed  by  W.  D.  Hall  for  use  in  the 
^tric  locomotive  service  of  the  St.  Clair  Tunnel.  Filtered  re- 
r**nied  armature  bearing  oil  is  used  as  the  lubricant.  The  foUow- 
^  relative  to  this  installation  is  from  the  Electric  Railway  Jour- 
oal,  1912:  "The  oil  for  this  lubricator  is  contained  in  an  air-tight 
J^c^tacle  of  I -quart  capacity,  whence  it  is  led  to  the  wheel  flanges 
°y  pipes  and  sprayed  upon  the  flanges  by  jets  of  air.  The  air  is 
J^ppued  from  the  main  reservoir  by  a  H-in.  pipe  which  is  connected 
w  the  oil  receptacle  above  the  surface  of  the  oil.  A  branch  of  this 
30 
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pipe  is  connected  to  the  oil  delivery  pipe  which  leads  to  the  flanges. 
When  used  with  electrical  equipment  air  is  controlled  by  an  electric 
push  button  so  that  the  lubricant  is  applied  only  when  needed,  as  on 
curves.  This  apparatus  has  been  in  successful  operation  since 
July  lo,  1 910.  The  six  electric  locomotives  to  which  it  has  been 
applied  haul  1000- ton  trains  up  and  down  2  per  cent,  grades  on 
which  flange  wear  had  been  heavy  owing  to  the  many  curves  and  the 
rather  low  center  of  gravity  of  the  locomotives.  This  lubricator 
has  so  improved  conditions  that  50,000'  miles  and  more  are  made 
between  wheel  tire  turnings.  This  means  that  the  wheels  can  be 
removed  for  turning  at  the  same  time  that  the  armature  is  removed 
for  commutator  dressing.  The  former  mileage  made  between  tire 
turnings  was  from  12,000  to  25,000  miles."  On  the  Baltimore  & 
Ohio  and  the  Pennsylvania  locomotives  a  sight  feed  lubricator  is 
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Fig.  s6. — Flange  lubricator,  Grand  Trunk  Ry. 

located  in  the  cab.  The  temperature  of  the  air  and  oil  is  raised 
by  passing  them  through  an  electric  heater.  The  oil  is  led  to  the 
wheel  flange  by  pipes  and  is  spread  upon  the  flanges  by  air  supplied 
from  the  main  reservoir.  Investigators  on  the  Pennsylvania  Lines 
west  of  Pittsburgh  concluded  that  flange  lubrication  would  cause 
an  appreciable  saving  in  flange  wear  on  curves  of  4  deg.  or  more. 
Records  of  rail  renewal  on  the  Sierra  Nevada  division  of  the  Southern 
Pacific  Railway,  where  all  the  locomotives  are  equipped  with 
flange  oilers,  show  that  since  the  latter  have  been  in  service  the 
average  life  of  the  outside  rail  on  all  curves  of  more  than  5  deg.  has 
been  increased  from  12  months  to  32  months,  while  the  average 
life  of  the  inside  rail  on  the  same  curves  has  been  increased  from 
13  months  to  33  months  in  spite  of  the  fact  that  the  rails  are 
now  removed  with  a  smaller  percentage  of  wear  than  was  formerly 
the  case.  At  the  same  time  the  average  daily  tonnage  has  in- 
creased 47  per  cent,  as  compared  with  the  3  years  prior  to  May, 
1908,  when  the  flange  oilers  were  installed. 


SECTION  vra 

BRAKING 

Brake-shoe  Pressure.  The  maximum  retardation  which  may 
be  utilized  in  stopping  a  train  by  means  of  brakes  is  that  which  is 
realized  by  so  applying  brake-shoes  to  all  the  wheels  that  the  result- 
ing brake-shoe  friction  shall  be  uniform  and  just  insufficient  to 
overcome  the  static  rail  friction  or  adhesion.  Thus  the  utilization 
of  the  entire  retarding  force  available  as  rail  friction  or  adhesion 
involves  the  application  of  a  brake-shoe  pressure  which  shall  (a) 
diminish  as  declining  speed  causes  the  coefficient  of  friction  to 
increase;  which  shall  (6)  increase  as  increased  distance  of  frictional 
contact  causes  the  coefficient  of  friction  to  decline,  and  which  shall 
(c),  when  diminishing  or  increasing  for  such  purposes,  further 
diminish  or  increase  as  reduction  or  increase  of  pressure  itself 
causes  the  coefficient  of  friction  correspondingly  to  increase  or 
decline.  It  is  impracticable  to  so  regulate  the  brake-shoe  pressure 
that  it  will  at  any  instant  be  equal  to  the  resultant  of  the  above 
three,  but  since  this  resultant  continues  to  diminish  during  the 
process  of  bringing  the  train  to  rest,  the*  maximum  possible  retard- 
ing effect  may  be  approximated  by  so  diminishing  the  brake-shoe 
pressure  toward  the  completion  of  the  stop  that  the  wheels  will  not 
be  caused  to  slide. 

Factors  Controlling  Length  of  Stop.  The  general  factors  which 
determine  the  distance  traveled  by  a  train  while  it  is  being  brought 
to  rest  on  a  tangent  level  track  are:  (a)  speed  of  the  train  at  the 
beginning  of  the  braking  period;  (b)  coefficient  of  adhesion  between 
wheel  and  rail  (rail  friction);  (c)  coefficient  of  brake-shoe  friction; 
W)  maximum  brake  cylinder  force;  (<?)  time  required  to  attain  this 
force;  (J)  efficiency  of  brake  rigging  in  multiplying  and  transmitting 
this  force  to  the  brake-shoe. 

Importance  of  High  Rate  of  Retardation.  In  long  runs,  the  brak- 
ing rate  is  of  little  moment,  but  in  short  runs  it  becomes  an  impor- 
tant factor  and,  as  in  subway  work,  may  be  of  maximum'  impor- 
tance. In  general,  a  high  braking  rate  is  advantageous  because  it 
allows  more  coasting  in  any  run  which  means  an  earlier  point  of 
cut-off,  resulting  in  lower  energy  consumption  and  less  heating  of  the 
motors  than  would  accompany  a  low  rate  of  braking.  Fast  braking 
thus  tends  to  minimize  the  size  of  motor  for  a  given  service.  The 
niinimum  length  of  a  block  and  the  consequent  minim lun  head- 
way is  equal  to  the  minimiun  distance  in  which  a  train  can  be 
brought  to  rest.  Thus,  increasing,  the  rate  of  braking  decreases 
theallowable  headway  and  increases  the  capacity  of  the  track. 

High  Speeds  and  Wheel  Failures.  In  the  use  of  high  speeds 
care  should  be  taken  that  the  conditions  of  braking  are  such 
that  they  will  not  be  dangerous  to  car  wheels.  The  tempera- 
ture attained  at  the  wheel  tread  during  braking  depends  upon 
"le  pressure  at  which  the  brake-shoe  is  applied,  the  speed  at  which 
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the  wheel  is  turning,  and  the  duration  of  the  brake  application. 
When  Uie  wheel  is  turning  at  high  speed  and  the  brake-shoes  are 
applied  with  great  pressure,  the  metal  at  and  near  the  surface  of  the 
tn»id  suddenly  becomes  much  hotter  than  that  a  short  distance  in. 
Great  thernml  stresses  are  thus  set  up  in  the  wheel  and  these  may 
cause  fracture. 


Coefficient  of  Friction  at  Various  Speeds 

Cast-ibon  Brake-shoes  on  Steel  Tires  (Galton- Westing- 
house  Tests,  Proceedings  of  the  Institution 
OF  Mechanical  Engineers,  1879) 


Number  of  ex- 

Speed 

Coefficient  of  friction 

periments  from 
which  the  mean 

Miles  per 
hour 

Feet  per 
second 

Extremes  observed 

Mean 

is  taken 

Maximum  Minimum 

13 

67 
55 
77 

94 
70 

69 
78 

54 

38 
30 

60 

55 

50 
45 

40 

35 
30 
35 

30 

15 
10 

7H 

Under  s 
Just  moving 

88 
81 

59 
51 
44 
36H 

39 

33 

I4W 
XX 

Under  7 
Just  moving 

O.X33 

0.136 
0.153 
0.179 

0.194 
0.197 
0.196 

0.305 

0.340. 
0.380 
0.381 
0.335 

0.340 
0.337 

0.058 
0.060 
0.050 
0.083 

0.088 
0.087 
0.098 
0.108 

0.133 
0.I3I 
0.I6I 

O.X33 
0.156 

0.36s 

0.074 

O.III 

0.116 
0.127 

0.X40 
0.143 
0.164 
0.166 

0.193 

0.333 
0.343 
0.344 

0.273 
0.330 

Pleeming  Jenkin  (steel  on  steel)  0.0003  to  0.0080 

0.351 

Rennie.    Static  friction  under 

Pressure  of  180  lb.  per  square  inch o.  300 

Pressure  of  336  lb.  per  square  inch 0.347 

From  the  above  values  Mr.  R.  A.  Parke  has  developed  the  fol- 
lowing formulas  to  represent  the  law  of  variation  of  the  coefficient 
of  friction  with  speed. 

From  the  mean  values  /  = 


from  the  maximum  values 


/- 


I  +  0.035325 
0.382 


I  +  0.02933  5 
where  /  —  coefficient  of  friction 
S  ^  speed  in  miles  per  hour. 

The  latter  formula  gives  values  corresponding  more  nearly  to 
recent  experiments. 

The  following  table  furnishes  a  comparison  of  the  values  of  the  co- 
efficient of  friction  as  calculated  by  the  above  formulas,  with  those 
secured  by  test  (see  above  table). 
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Speed, 

miles  per 

hour 

Coefficient  of  friction 

Mean 

Maximum 

Caleolated 

OtMerved 

Calculatod 

Obsenred 

0 

0.326 

0.277 
0.241 

0.213 
0.191 
O.X73 

O.X58 
0.X46 
0.13s 

0.126 
0.118 

O.XXI 

0.X05 
0.099 
0.094 

6.085 

0.078 

0.330 

0.273 
0.242 

0.223 

0.X92 

O.X66 

0.164 
0.142 
0.X40 

0.127 
0.116 

O.IXI 

0.074 

0.382 
0.333 
0.295 

0.265 
0.241 
0.220 

0.203 
0.188 
0.176 

0.165 

0.IS5 
0.146 

0.138 
0.131 
0.125 

0.114 

0. 100 

5 

10 

X5 

20 
25 

30 
35 
40 

45 
50 

55 

6o 
65 

0.340 
0.281 

0.280 
0.240 
0.205 

0.Z96 
0.197 
0.194 

0.179 
0x53 
0.136 

0.123 

70 

8o 

90 

100 

0.072 

0.097 

RelatiQii  of  Coefficient  of  Friction  between  Wheel  and  Rail  to  the 
Coefficient  of  Friction  between  Brake-shoe  and  Wheel  and  the 
Sffect  <tf  ^ding.  In  the  Galton-Westinghotxse  tests  it  was  found 
tliat  when  the  brake-shoe  friction  overcame  the  rail  friction  and 
caused  the  wheels  to  slide  upon  the  rails,  the  coefficient  of  rail  fric- 
tion immediately  began  to  decline  and  then  varied  inversely  as  the 
speed,  in  much  the  same  way  as  brake-shoe  friction.  It  was  found 
to  have  a  value  of  less  than  one-third  the  coefficient  of  brake-shoe 
{riction  when  the  brake-shoe  pressure  was  such  as  to  allow  the  wheel 
to  continue  revolving.  From  this,  the  retarding  effect  of  a  wheel 
sliding  upon  a  rail  would  be  less  than  one-third  the  maximum  avail- 
able when  the  wheels  are  allowed  to  revolve  without  sliding. 

Coefficient  op  Friction  between  Steel  Tires  and  Steel 
Rail— Wheel  Sliding.    (Galton-Westinghouse  Tests) 


Speed,  miles  per  hr. 

Just  coming  to  rest 

6.8 

13. 6 

37.3 

34.1 

40.9 

47.7 

54-5 

60.0 


Coefficient  of  friction 
0.34a 
0.088 
0.07a 
0.070 
0.065 

0.057 
0.040 
0.038 

0.027* 


The  rail  friction  is  very  materially  affected  by  the  condition  of 
"*e  rail,  being  greatest  when  the  rail  is  perfectly  dry  or  very  wet 

*This  is  from  the  mean  of  three  experiments  only. 


470 


ELECTRIC  RAILWAY  HANDBOOK 


(as  when  washed  by  a  hard  rain)  and  least  when  the  rail  is  quite 
moist;  but  by  the  use  of  sand  upon  the  rails,  the  effect  of  moisture 
is  practically  eliminated.     (See  Coefficient  of  Adhesion,  p.  139.) 

Coefficient  of  Brake-shoe  Friction  as  Affected  by  Distance  of 
AppUcation.  Capt.  Galton  stated  that  a  decrease  in  the  coefficient 
of  brake-shoe  friction  results  from  the  time  during  which  the  brakes 
have  been  kept  applied,  irrespective  of  any  change  in  speed.  He 
gave  the  following  table  and  explained  that  the  values  given  in  the 
column  headed  "Commencement  of  experiment"  are  somewhat 
different  from  those  that  have  been  given  in  the  table  "Co- 
efficient of  Friction  at  Various  Speeds  .  .  .,"  p.  468,  because 
they  resulted  from  the  average  of  fewer  experiments,  but  that  the 
effect  of  time  reducing  the  coefficient  of  friction  may  be  accepted 
as  correct. 

Coefficient  OF  Brake-shoe  Friction  as  Affected  by  Time 

(Galton) 


speed, 

miles  per 

hour 

Coefficient  of  friction 

Commence- 
ment of 
experiment 

After  s 
seconds 

After  10 
seconds 

After  IS 
seconds 

After  20 
seconds 

20 
27 
37 

0.182 
0. 171 
0.152 
0.132 
0.072 

0. 152 
0.130 
0.096 
0.080 
0 .  063 

0.133 
0.119 
0.083 
0.070 
0.058 

o.n6 
o.o8i 
0.069 

0.099 
0.072 

47 

60 

The  following  is  from  a  paper  by  R.  A.  Parke,  A.I.E.E.,  1902: 
"It  was  assumed  by  Capt.  Galton  that  the  decline  of  the  friction  is 
as  the  increase  of  the  time  of  contact,  but  a  careful  analysis  of  the 
results  shows  that  it  is  a  function  of  the  product  of  the  speed  and  the 
time,  or  of  the  distance  through  which  the  shoe  rubs  upon  the 
wheel.'*  The  following  formula  was  developed  by  Mr.  Parke  in  an 
endeavor  to  show  the  relation  of  the  coefficient  of  brake-shoe  fric- 
tion at  any  point  during  the  application  of  the  brake-shoe  to  the 
initial  coefficient  of  brake-shoe  friction  at  the  speed  and  pressure 
at  which  the  brake-shoe  was  first  applied  to  the  wheel  and  the  dis- 
tance traveled  by  the  wheel  during  which  the  brake-shoe  has  been 
applied  to  the  wheel: 


,  _  I  -j-  0.000472/ 
I  -j-  0.002300/-^ 


in  which  h 
I 


coefficient  of  brake-shoe  friction  at  instant  considered 
distance  wheel  has  traveled  in  frictional  contact  with 
the  brake-shoe,  feet 
/  =  coefficient  of  brake-shoe  friction  at  speed  and  pres- 
sure at  which  brake-shoe  was  applied  at  the  begin- 
ning of  the  distance  /. 

Mr.  S.  W.  Dudley,  in  a  paper  before  the  A.S.M.E.,  1914,  on  the 
Pennsylvania-Westinghouse  Brake  Tests,  1913,  stated  that  factors 
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such  as  speed,  pressure  and  time  of  action,  which  are  ordinarily 
considered  to  cause  variations  in  cast-iron  brake-shoe  performance, 
are  effective  chiefly  as  they  af!ect  the  temperature  of  the  working 
metal  of  the  brake-shoe  and  wheel. 

Retardation  Produced  by  a  Given  Retarding  Force.  The  rate  of 
retardation  may  be  approximated  by  the  following  formula: 

JiF  4-  F,) 
a    -  0.01098       ^ 

in  which 

a    "  rate  of  retardation  of  train,  miles  per  hour  per  second 
k    "  ratio  of  linear  inertia  to  total  inertia  of  train  (see 

pafc  1 70) 
W  —  weight  of  train,  tons 

F    "  total  retarding  force  applied  to  train,  pounds 
-  Ph 
or 

m   20Q0bW 

P    "  total  braking  pressure  applied  normally  to  wheel 

treads  by  brake-shoes,  pounds 
ft    ■■  coeflicient  of  brake-shoe  friction 
b     "  ratio  of  retarding  force  produced  by  brake-shoes  to 

total  weight  of  train 
Fi  ■■  combined  train,  track  grade  and  curve  resistance 

f     "  train  resistance,  pounds  per  ton  weight  of  train  (see 
page  146). 

For  a  more  rapid,  very,  rough  approximation  in  ordinary  service, 
neglectinff  the  energy  due  to  the  rotation  of  the  wheels  and  arma- 
tures and  the  energy  required  to  overcome  train  resistance,  the 
formula  is: 

F 

a  -  0.011,.; 

yy 

or  -  226 

in  which  the  symbols  have  the  same  significance  as  above. 

Distance  Traveled  by  Train  During  Application  of  a  Constant 
Retarding  Force.    If  a  constant  retarding  force  is  applied  to  a  train 

"  "  '^^\f  +  F\) 

in  which    I  ■■  distance  traveled  by  train  in  coming  to  rest,  feet 

•S*  "  speed  of  train  at  beginning  of  period,  miles  per  hour. 
Other  symbols  as  in  preceding  paragraph. 
Neglecting  the  energy  of  rotation  of  wheels  and  armatures,  the 

formula  is 

I  -  0.0333^ 
30b 
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Braking  Distance  Chart  The  chart.  Fig.  i,  by  Mr.  Gaylord 
Thompson,  A.E.R.E.A.  1914  Committee  on  Blot^  Si^ials,  gives 
a  graphical  approximation  of  the  distance  and  time  in  vrbich  a  train 
-will  be  brought  to  rest  when  retarded  at  a  constajit  rate.  Example: 
Assume  that  such  a  braking  force  has  been  appUed  to  a  car  as 
to  produce  a  retardation  of  3  miles  per  hour  per  second.  It  is 
desired  to  know  how  long  a  time  will  be  required  for  the  car  to 
come  to  a  stop  and  in  what  distance  it  will  do  so  from  a  speed  of, 
say,  50  miles  per  hour.  The  solid  Une  for  3  miles  per  hour  per  sec- 
ond shows  that  a  speed  of  ^o  miles  per  hour  corresponds  to  a  brak- 
ing distance  of  600  ft.  This  is  indicated  by  thepomt  ^.  Directly 
below  d,  at  the  point  where  a  vertical  line  <topp«i  from  X  intersecta 
the  distance-time  curve  for  3  miles  per  hour  per  second  and  reading 
on  the  right-hand  scale,  we  find  tliat  the  time  required  for  the  stop 
is  16.5  seconds.  That  is,  with  this  rate  of  retardation  it  will  take 
16.5  seconds  to  stop  a  car  running  at  50  miles  per  hour,  ajid  in  stop- 


Fic.  I. — Distances  and  time  tor  braking. 
ping  it,  a  distance  of  600  ft.  will  be  covered.     A  similar  procedur 
shows  that  from  60  miles  per  hour  the  same  bralting  rate  will  stop 
the  car  in  20  seconds  and  8S0  ft. 

Braking  Distance  Including  Application  Time.  Neglecting  the 
energy  of  rotation  of  wheels  and  armatures,  neglecting  train  resist- 
ance, and  considerinK  the  time  required  for  the  brakes  to  become 
effective,  when  the  wheeis  do  not  dip 

'  -■••">''' +jSi 

in  which  /    =  length  of  stop,  feet 

S  =  speed  of  train  at  beginning  of  stop,  miles  per  hour 
(  =•  time  at  beginning  of  the  stop  during  which  the  brakes 
are  to  be  considered  as  having  no  effect,  seconds. 
The  value  of  t  depends  upon  the  equipment.  In  the 
Pennsylvania-Westinghouse  1913  tests  on  a  twelve- 
car  train  it  was  found  to  range  from  3.0  to  1.5  seconds 
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for  the  quick  action  automatic  (PM)  brake  and  from 
0.70  to  0.85  seconds  for  the  electro-pneumatic  (UC) 
brake 
P  =  nominal  per  cent,  braking  power  (decimally  ex- 
pressed)   corresponding    to    the    average  cylinder 
pressure  existing  for  that  portion  of  the  stop  after 
the  brake  is  considered  fully  applied.     (The  nominal 
per  cent,  braking  power  is  the  ratio  of  the  total  shoe 
pressure,  calculated  from  the  full  service  brake  cyl- 
inder pressure,  to  the  weight  of  the  car,  expressed  in 
per  cent.) 
e  =  efficiency  of  brake  rigging  (decimally  expressed) 
h  =  coefficient  of  brake-shoe  friction.     * 

In  the  absence  of  a  satisfactory  separate  determination  of  the 
values  of  e  and  A,  Mr.  S.  W.  Dudley,  A.S.M.E.,  1914,  used  the 
following  values  of  eh  as  determined  in  the  Pennsylvania- Westing- 
house  1913  tests. 

Values  of  eh 


Kind  of  brake  rigging 

Clasp  brake 

Single  shoe* 

Type  of  brake  shoe 

Plain 

Flanged 

Plain 

Flanged 

Speed, 

miles 

per  hour 

Nominal  per  cent, 
braking  power 

0.141 
0.129 
0.118 

0.103 
0.094 
0.086 

0.092 
0.084 
0.077 

0.169 

0.IS4 
0.141 

0.122 
0.112 
0.102 

0.109 

O.IOO 

0.092 

0.108 
0.099 
0.090 

0.074 
0.068 
0.062 

0.070 
0.064 
0.059 

30 
60 
80 

125 
ISO 
180 

laS 
150 
180 

"5 

ISO 

180 

o.iia 
0.103 
0.094 

0.090 
0.082 
0.075 

0.074 
0.068 
0.062 

In  this  test  a  single  car  (locomotive  not  attached)  was  stopped 
from  an  initial  speed  of  60  miles  per  hour  in  725  ft.  This  was  the 
shortest  60  miles  per  hour  emergency  stop  made.  The  equipment 
was  electropneumatic,  clasp  brake,  flanged  brake-shoes,  using  180 
per  cent  braking  power.  Under  the  same  conditions  the  shortest 
stop  from  80  miles  per  hour  was  1422  feet. 

Braking  Distance,  Single  Car  Tests*  Tables,  I,  II  and  III, 
vPP*  474~478)  give  the  braking  distances  on  dry  rail  as  obtained  by 
tj»ts  in  charge  of  Mr.  George  L.  Fowler  on  the  Brooklyn  Rapid 
Transit  System.  The  series  included  tests  of  five  different  makes 
of  hand  brakes  and  air  brakes  adjusted  to  four  different  ratios  or 
^jssures,  three  different  weights  of  cars,  with  and  without  sand, 
•^th  the  air  brake  the  car  was  stopped  by  the  "  service  "  application 
^^  by  the  "emergency"  application.  Tests  were  made  on  an 
empty  car,  on  a  car  loaded  with  sand  to  represent  a  seated  load 

Value  of  data  uncertain,  due  to  non-uniform  brake-shoe  conditions. 
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and  on  a  car  loaded  to  represent  a  standing  load.  The  car  was 
stopped  when  running  at  5,  10,  15  and  20  miles  per  hour.  Three 
stops  were  made  at  each  speed  and  load,  making  thirty-six  stops 
for  each  complete  test  on  each  brake  and  method  of  braking. 

Hand  Brakes  ys.  Air  Brakes.  Hand  brakes  are  satisfactory  for 
ordinary  operation  on  light  cars  and  should  be  supplied  for  emer- 
gency on  all  cars.  However,  as  the  weight  of  a  car  increases  the 
difficulty  of  control  increases  till  it  reaches  such  a  value  that  power 
is  necessary  for  ordinary  braking.  Just  what  weight  should  divide 
the  hand  brake  class  from  the  power  brake  class  has  been  a  matter  of 
much  investigation,  many  tests  and  disagreements.  The  diffi- 
I  culties  of  such  tests  are  briefly  sununed  up  by  Mr.  J.  N.  Dodd  of 
the  Public  Service  Conmiission,  First  District,  New  York,  as  follows: 

"In  the  course  of  this  search  it  became  apparent  that  tests  do  not 
always  furnish  ~a  reliable  criterion  of  the  relative  value  of  different 
brakes.  They  merdy  state  the  stopping  distance  of  the  car  under 
the  particidar  conditions  that  obtamed  at  the  time  of  the  test. 
Most  of  the  conditions  that  afifect  this  distance  vary  widely.  Among 
these  varying  conditions  may  be  mentioned  the  brake-shoe  adjust- 
ment, the  weight  of  the  car,  the  condition  of  the  rail,  and  the  human 
dement.  Most  of  these  factors  vary  widely  also  during  the  course 
of  the  day,  and  each  of  them  may  change  independently  of  any  of 
the  others.  Thus,  on  account  of  the  wear  of  the  brake-shoes,  the 
brake  adjustment  may  change  Inaterially  even  in  the  course  of  a 
single  trip.  The  weight  of  the  car  is  continually  changing,  owing 
to  the  varying  number  of  passengers.  The  condition  of  the  rail 
may  alter  entirely  in  the  course  of  a  few  seconds.  This  change  is 
often  such  that  a  visual  inspection  of  the  rail  fails  to  reveal  its 
quality.  Thus,  a  wet  rail  may  provide  an  ideal  surface  ior  stopping 
a  car  quickly,  or  it  may  offer  the  reverse.  In  the  same  way,  though 
i^ot  to  the  same  extent,  the  distance  in  which  a  car  may  be  stopped 
on  a  dry  rail  varies  according  to  whether  the  rail  is  clean  or  covered 
^th  dust  or  dirt.  For  this  reason  it  is  impossible  to  be  sure  that 
the  rail  conditions  are  the  same  in  tests  on  two  different  brakes 
or  that  the  rail  conditions  at  the  time  of  the  test  correctly  represent 
average  rail  conditions  under  which  the  car  must  operate  through- 
out the  year.  The  human  element  ^so  is  extremely  variable.  In 
actual  service  there  are  many  strong  motormen  and  many  who  are 
physically  weak,  many  who  are  intelligent  and  mentally  alert  and 
^*^y  the  reverse,  many  in  fresh  physical  and  mental  condition  and 
others  may  be  tired  from  a  day's  work.  During  most  tests  the 
motorman  usually  knows  that  he  is  soon  to  receive  the  stopping 
signal  and,  knowing  what  he  is  expected  to  do,  is  intent  upon  doing 
that  thing  in  the  most  efficient  manner.  During  such  tests,  also, 
the  streets  are  usually  bare  of  traffic  and  the  motorman's  attention 
IS  not  distracted  by  other  duties  such  as  making  up  lost  time,  keep- 
^  a  lookout  to  pick  up  passengers  and  obeying  the  conductor's 
^&^.  ^  Usually  a  picked  motorman  is  chosen,  selected  for  his 
general  intelligence  and  interest  in  his  work.  The  motorman  is 
8^ueraJly  in  fresh  physical  condition  and  therefore  in  good  mental 

condition  and  to  that  extent  capable  of  responding  to  any  demands 

^'^^^  upon  him.    The  results  obtained  in  service  at  the  close  of  a 
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long,  wearying  day's  work  would  be  entirely  different  from  the 
results  obtained  in  any  series  of  tests.  It  is  impossible  to  devise 
any  series  of  tests  under  conditions  which  even  approximate  the 
average  conditions  existing  in  actual  service  because  it  is  impossible 
to  teU  what  the  average  of  these  varying  factors  may  be." 

After  much  consideration  the  PubUc  Service  Commission,  First 
District,  New  York,  required  cars  weighing  more  than  25,100  lb. 
to  be  equipped  with  air  brakes. 

Wei^t  Transfer  due  to  Braking.  The  following  is  based  on 
the  anal3rsis  by  Mr.  R.  A.  Parke,  A.I.E.E.,  1902. 

Retardation  caused  by  the  application  of  brakes  to  the  wheels 
involves  a  redistribution  of  the  weight  which,  where  the  retardation 
corresponds  to  the  maximum  brake  application,  results  in  a  very 
serious  loss  of  braking  efficiency,  unless  means  be  provided  for  vary- 
ing the  brake>shoe  pressure  to  correspond  with  the  changed  wheel 
pressures.  Whatever  the  source  of  the  retarding  force,  its  operative 
effect  in  retarding  the  motion  of  the  car  is  the  same  as  that  of  an 
infinite  number  of  small  retarding  forces  each  engaged  in 
retarding  the  motion  of  an  elementary  portion  of  the  mass 
of  the  car,  and  therefore,  in  order  that  a  single  retarding 
force,  or  a  combination  of  retarding  forces,  shall  so  oper- 
ate, without  either  changing  the  direction  of  the  car's  motion, 
or  producing  rotation  of  the  structure  as  a  whole,  or  CBXUng 
into  operation  other  forces  to  prevent  such  deviation  or  rotatK>n, 
the  force  or  the  resultant  of  the  combination  of  forces  must  be  so 
applied  that  it  shall  pass  through  the  center  of  gravity  of  the  mass, 
in  a  4irection  opposite  to  that  of  the  motion  of  ^e  car.  In  utilizing 
the  rail-friction  for  the  retarding  force,  while  it  has  the  proper 
direction,  it  is  applied  at  the  lowest  points  of  the  mass  of  the  car  and 
must  therefore  either  cause  rotation  of  the  entire  structure  or  the 
interposition  of  other  forces  which  combine  with  the  retarding 
force  to  preserve  die  simple  motion  of  translation.  The  car  may  be 
considered  as  a  single  mass  or  as  being  composed  of  three  separate 
masses,  according  as  it  is  provided  with  one  rigid  or  two  swiveling 
trucks.  Rotation  of  the  car  by  the  eccentric  retarding  force  does 
not  occur  in  either  case;  but,  in  the  first,  this  is  because  the  reacting 
pressure  of  the  rails  upon  the  forward  pair  of  wheels  exceeds  that 
upon  the  rear  pair  of  wheels  in  such  measure  that  the  contrary  rota- 
tive moment,  thereby  introduced,  just  balances  that  of  the  eccentric 
retarding  force,  also  applied  by  the  rails  to  the  wheels.  In  the  case 
of  the  car  with  two  trucks,  the  retarding  force  is  applied  at  the  lower 
extremity  of  the  two  trucks,  being  equally  divided  between  them 
(if  constructed  alike) ;  that  portion  of  the  retarding  force  necessary 
to  retard  the  mass  of  the  trucks  is  absorbed  in  so  doing,  and  the 
remainder  is  applied  by  the  trucks  to  the  car  body  at  substantiaJIy 
its  lowest  extremity.  In  consequence,  the  center  of  gravity  of  the 
car  body  being  above  the  points  of  application  of  the  retarding  force, 
rotation  through  the  eccentrically  applied  retarding  force  is  pre- 
vented only  by  the  resisting  rotative  moment  of  a  greater  support- 
ing pressure  from  the  forward  than  from  the  rear  truck.     Each 
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truck  is  subject  to  the  combined  rotative  moment  of  the  eccentric 
retarding  force  at  its  lower  extremity,  and  the  eccentric  reacting 
force  from  the  car  body  at  its  upper  extremity,  and  rotation  is  pre- 
vented only  by  the  contrary  rotative  moment  of  a  greater  support- 
ing pressure  by  the  rails  upon  the  forward  than  upon  the  rear  pair 
of  wheels.  Thus  the  very  act  of  applying  the  brakes  to  the  wheels 
produces  a  new  and  very  different  system  of  wheel  pressures  upon 
the  rails,  and  it  is  the  wheel  pressures  under  these  conditions  which 
determine  the  available  retarding  force.  As  the  total  pressure  of 
all  the  wheels  upon  the  rails  cannot  vary,  the  existence  of  a  greater 
rail  pressure  for  the  forward  than  for  the  rear  pair  of  wheels  of  the 
trudt  implies  the  virtual  transfer  of  a  portion  of  the  normal  pressure 
from  one  pair  of  wheels  to  the  other.  The  brake-shoe  pressure  upon 
the  rear  pair  of  wheels  must  be  insufficient  to  cause  the  wheels  to 
slide  upon  the  rails  and  must  therefore  be  cut  down  in  proportion 
to  the  transfer  of  weight  from  the  rear  to  the  forward  pair  of  wheels. 
But  as  the  forward  pair  of  wheels  will  become  the  rear  pair  when  the 
car  moves  in  the  opposite  direction,  the  brake-shoe  pressure  upon 
that  pair  of  wheels  must  also  be  limited  in  the  same  way.  Thus,  the 
brakmg  pressure  upon  each  pair  of  wheels  must  be  restricted  to 
correspond  with  the  minimum  pressure  of  the  wheels  upon  the  rails. 

External  Farces  Acting  on  ^  wwcucBofMouon 

Car  Body  in  Braking.   (Fig.  2 . ) 
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Fig.  2. — Weight  transfer  in  braking. 

in  which  //     =  horizontal  re-  ^^  ^^y- 

tarding  force  on  each  truck  center  pin,  pounds 

Pj  =  pressure  between  body  and  truck  rear  center  plates, 
pounds 

Pi  =  pressure  between  body  and  truck  forward  center 
plates,  pounds 

Wi  =  weight  of  car  body,  pounds.  (Center  of  gravity 
being  in  a  vertical  axis  midway  between  truck 
centers) 

j  =  height  of  center  of  gravity  of  body  above  center 
plate  surface,  inches 

/      =  distance  between  center  pins,  inches 

g  =  acceleration  due  to  gravity,  feet  per  second  per 
second  =  32.2 

a     =  rate  of  retardation,  feet  per  second  per  second 

=  (miles  per  hour  per  second)  X  1.467. 
31 
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External  Forces  Acting  an  Rear  Truck  in  Braking.    (Fig.  3.) 
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Fig.  3. — Weight  transfer  in  braking.     Truck. 

in  which  R^  =  total  pressure  between  rail  and  rear  pair  of  wheels, 

pounds 
^1   =  total  pressure  between  rail  and  front  pair  of  wheels 

of  rear  truck,  pounds 
T2   =  total  maximum  retarding  rail  friction   available 

between  rail  and  rear  pair  of  wheels,  pounds 
Ti   =  total  maximum  retarding  rail  friction   available 

between  rail  and  front  pair  of  wheels  of  rear  truck, 

pounds 
W%  =  weight  of  each  truck,  pounds.     (Center  of  gravity 

of  truck  being  in  a  Vertical  axis  midway  between 

wheels) 
W    =  total  weight  of  car,  pounds  =  PTi  +  2W2 
h     —  height  of  truck  center  plate  surface  above  rail 
b     «  wheel  base  of  truck 

d     =  height  of  center  of  gravity  of  truck  above  rail 
q     =  coefficient  of   adhesion   between   wheel   and   rail 

(0.25  may  be  used  for  this). 
For  significance  of  other  symbols  see  page  481. 

Brake-shoe  Suspension.  The  application  of  the  brake-shoes  at 
the  outer  face  of  the  wheels  results  in  an  upward  thrust  of  the  brake- 
hangers,  proportional  to  the  brake-shoe  friction,  upon  the  rear  end 
of  the  truck  frame,  and  a  corresponding  downward  drag  upon  the 
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forward  end.  However,  by  hanging  the  brake-beams  between  the 
wheels,  instead  of  outside,  and  inclining  the  hanger-links  at  a  proper 
angle,  the  increased  pressure  and  consequently  the  increased  friction 
of  the  brake-shoes  upon  the  forward  pair  of  wheels  and  the  dimin- 
ished pressure  and  friction  of  the  brake-shoes  upon  the  rear  wheels, 
due  to  the  effect  of  the  friction  itself  in  causing  the  shoes  to  press 
more  or  less  forcibly  upon  the  wheels  through  the  angularity  of  the 
hanger-links,  are  made  to  correspond  with  and  compensate  for  the 
transferred  weight  from  the  rear  to  the  forward  wheels.  In  the 
same  manner  that  running  in  the  opposite  direction  causes  a  re- 
versal of  the  conditions  for  the  transfer  of  weight,  so,  too,  the  rota- 
tion of  the  wheels'in  the  opposite  direction  causes  a  reversal  of  the 
eflFect  of  the  inclined  hanger-links,  and  the  increased  brake-shoe 
pressure  is  always  applied  to  the  wheels  carrying  the  increased 
weight.  The  application  of  this  method  of  inclined  hanger-links 
is  not  without  some  difficulty.  The  chief  trouble  is  that  no  con- 
stant angle  of  the  links  can  be  maintained,  as  the  wearing  away  of 
the  brake-shoes,  together  with  wearing  and  turning  down  or  grind- 
ing of  the  wheel  treads,  causes  constant  and  considerable  variation. 
Thus,  if  the  angle  of  inclination  and  the  braking  pressure  be  calcu- 
lated for  the  conditions  existing  when  the  brake-shoes  and  wheels 
are  new,  the  increased  angle  when  the  shoes  become  much  worn 
and  the  treads  have  been  well  turned  off,  would  probably  cause  the 
forward  wheels  to  slide  upon  the  rails.  On  the  other  hand,  if  the 
calculations  be  made  for  turned  or  ground  wheels  and  worn  shoes, 
the  rear  wheels  would  probably  slide  when  the  wheels  and  brake- 
shoes  are  new.  It  is  therefore  necessary  to  compromise  between 
•the  extremes,  in  reference  to  the  angle  of  inclination  of  the  hanger- 
links,  by  inclining  the  hanger-links  at  the  angle  determined  when 
the  brake-shoes  and  wheels  are  each  half  worn,  and  the  brake-beam 
force  must  then  be  so 

JDIwotloB  of  Moflon 
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established  that  neither 
pair  of  wheels  shall  be 
caused  fo  slide  in  the 
extreme  positions  of  the 
hanger-links. 

Angle  of  Suspension 
of  Brake  Hanger.  (Fig. 
4.)  The  following  for- 
mula gives  the  angle  be- 
tween the  brake  hang- 
er-link and  the  tan- 
gent to    the  wheel  at 

the  center  of  pressure  of  brake-shoe  face  necessary  to  secure  the 
niaximum  retarding  force  with  inside  hung  brake-shoes  and  with 
motors  driving  all  axles: 

qHWih  -h  Wid) 


Fig.  4. — Brake-hanger  suspension  angles. 


tan  4>  ^  2 


rWh 


in  which    0  =  angle   between   brake-shoe   hanger-link   and    the 
tangent  to  the  wheel  at  center  of  brake-shoe  surface 
r  =  coefficient  of  brake-shoe  friction  (0.33  may  be  used 
for  this) 
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k  =  ratio  of  linear  inertia  to  total  inertia  of  cars.     (See 
p.  170.) 
For  significance  of  other  symbols  see  pages  481  and  482. 

Brake-beam  Pressure  {Motors  Driving  All  Axles) .     (Fig.  4.) 
_        qW^(i  -  f »  tan«  0)  cos  0 


P   = 


4rk(W  +  2qWi  j)  cos  («  +  <t>) 


in  which  P   —  horizontal  braking  force  applied  to  brake-beam  in 

the  direction  of  motion  of  the  train,  or,  the  sum 
of  the  horizontal  braking  forces  applied  to  one  pair 
of  wheels  in  the  direction  of  motion  of  the  train, 
pounds 
a   =  angle  between  radius  of  wheel  to  center  of  brake- 
shoe  surface  and  the  horizontal. 
For  significance  of  other  symbols  see  preceding  paragraph,  also 
pages  481  and  482. 

Wear  on  wheel  and  brake-shoe  will  bring  about  a  change  in  the 
values  of  the  angles  a  and  0  and  the  dimension  7,  consequently  the 
value  of  the  force  P  will  vary  during  the  life  of  wheel  and  brake-shoe. 
The  value  of  the  force  P  should  be  determined  for  new  wheels  and 
brake-shoes,  and  again  for  worn  wheels  and  brake-shoes.  The 
lesser  value  thus  obtained  will  be  the  maximum  value  of  P  Unt 
may  be  safely  used. 

Braking  Power.  The  following  values  were  given  by  Mr.  E.  E 
Dewson  in  the  Electric  Journal,  1905,  to  show  the  approximate 
relation  which  the  pressure  applied  to  the  brake-shoes  ^ould  hesi 
to  the  total  weight  of  the  braked  wheels  to  produce  a  brake  friction 
equivalent  to  the  adhesion  of  the  wheels  to  the  rails.  Considera- 
tion is  given  to  the  fact  that  the  coefficient  of  brake-shoe  friction 
is  less  at  high  speeds  than  at  low. 


Speed, 
miles  per  hour 

Approximate  ratio  of  total  pressure  on  brake-shoes 
to  total  weight  on  braked  wheels, 

Coefficient  of  adhesion 

0.30 

0.25 

0.20 

o.is 

7H 
IS 
20 

30 
40 
SO 
60 

1.20 

l.AI 

1.64 
1.83 
2.07 
2.48 

4.14 

1.04 
1. 18 
1.37 
I.  S3 
1.73 
2.07 
3.47 

0.83 

0.94 
.   1.09 

1.22 
1.38 

I.6S 

2.77 

0.60 
0.70 
0.82 
0.92 
1.04 

1.24 

2.08 

Importance  of  Proper  Relation  between  Air  Pressure,  Piston 
Area  and  Leverage.  The  following  is  from  a  paper  by  Mr.  Fred 
Heckler,  C.E.R.A.,  1907:* 

Pressure.  If  more  than  2  per  cent,  braking  power  per  pound  of 
cylinder  pressure  is  attemptea,  a  very  high  braking  power  for  light 
cylinder  pressures  is  obtained  and,  therefore,  the  cars  caimot  be 
handled  without  shocks  at  low  speeds  and  either  the  range  between 
maximum  and  minimum  braking  power  obtainable  must  be  very 
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narrow  or  else  wheel  sliding  will  result  when,  the  maximum  power 
is  used. 

Brake  Piston  Area.  If  the  ratio  of  cylinder  piston  area  to  cylinder 
pressure  is  excessive,  it  means  either  a  low  leverage,  with  great 
shoe  movement  or  high  leverage  with  low  pressure,  which  gives 
a  very  narrow  range  between  maximum  and  minimum  braking 
power. 

Leverage.  If  the  leverage  is  too  low,  it  means  excessive  air  con- 
sumption and  too  much  shoe  movement;  if  too  high  (that  is,  brake 
cylinder  too  small  for  weight  of  car,  and  it  is  here  that  the  principles 
governing  brake  design  are  violated  most  frequently),  smooth  and 
accurate  handling  of  the  car  or  train  becomes  impossible  and  the 
shoes  are  constantly  grinding  on  the  wheels,  consuming  energy, 
wearing  out  the  shoe  and  causing  loss  of  time;  or  else  piston  travel 
must  b^  lengthened  out,  thus  greatly  increasing  the  air  consumption, 
lengthening  the  time  of  application  and  release,  and  reducing  both 
service  and  emergency  braking  power.  Besides,  the  high  leverage 
makes  necessary  a  frequent  adjustment  of  piston  travel  or  a  con- 
stant and  very  rapid  decrease  of  braking  power  will  result.  Further- 
more, high  leverage,  if  made  at  truck  levers,  necessitates  low  hung 
brake-shoes,  which,  when  suspended  from  a  spring-supported  part 
of  the  truck,  results  in  great  increase  of  piston  travel  and  resultant 
decrease  of  braking  power  with  the  loading  of  the  car;  this  always 
occurs  at  a  time  when  readjustment  of  piston  travel  is  impracticable 
and  when  instead  of  a  decrease  of  braking  power  an  increase  is 
greatly  to  be  desired.  In  addition,  the  danger  of  the  levers  fouling 
is  greatly  increased,  particularly  where  the  truck  leverage  ratio  is 
high,  and  very  frequent  and  careful  inspection  is  required  or  the 
total  loss  of  the  brake  may  result. 

Diameter  of  Brake  Cylinder,  Total  Leverage  Ratio  and 

Weight  of  Car 


Diameter 

of  cylinder 

in  inches 

Force  of 

piston  at 

6olb. 

Total 

leverage 

ratio 

Weight  of  car  with  brake  power 
equal  to 

90 

per  cent. 

100             no 

per  cent,      per  cent. 

8 

10 
12 

14 

3,000 
4,700 
6,700 

9>200 

12      to  I 
II       to  I 
10%  to  I 
10      to  I 

40,000 

S7,8oo 

80,000 

102,300 

36,000 
S1.700 
72,000 
92.000 

32,750 
47.300 
6S.S00 
83.600 

Position  of  Brake-shoe  on  Wheel.  If  the  brake-shoe  is  hung 
too  far  below  the  center  of  the  wheel  and  the  parts  are  badly  worn, 
the  ap!plication  of  the  brakes  may  cause  the  brake-shoe  to  form  a 
toggle  joint  with  the  wheel,  stopping  the  rotation  of  the  wheel. 
This  makes  braking  inefficient  and  brings  about  unnecessary  brake- 
shoe  and  wheel  wear.  In  the  above-mentioned  paper  by  Mr.  Parke 
it  is  stated  that  the  center  of  the  brake-shoe  should  be  about  3)^  in. 
below  the  center  of  the  wheel.  For  the  standard  location  adopted 
by  ^e  Central  Electric  Railway  Association  see  below  ("Center 

on  Brake-shoe")' 

Brake  Cylinder.  Lever  and  Rigging  Standards  of  the  Central 
Electric  RflSlway  Association.    The  following  recommendations  of 
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tlie  Standardization  Committee  were  adopted  by  tbe  Assodatioii, 
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Fro.  5.— Cent.  Elec.  Ry.  Assn.  standard  brake  cylindera  and  leveis.        ' 

(j4)  Rewiott  of  Standard  A  ir  Brake  Cylinders,  Laiers  and  Brake 
Rigging.  Recommended;  That  the  standard  airbrake  practice 
should  be  according  to  revised  print  No.  C-2  (see  Fig.  s)  as  follows: 

I.  All  braking  power  to  be  based  on  50  lb.  cylinder  pressure. 
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This  in  order  to  avoid  confusion  when  stating  percentages  of  brak- 
ing power  that  may  be  figured  on  different  brake  cyUnder  pressures; 
e.g.f  ICO  per  cent,  braking  power  on  60  lb.  cylinder  pressure  may  be 
taken  to  mean  greater  than  100  per  cent,  on  50  lb.  cylinder  pressure, 
and  if  this  is  always  referred  to  on  a  common  base,  confusion  will 
be  avoided. 

2.  All  interurban  cars  to  be  braked  at  100  per  cent,  of  light  weight 
on  rails  and  motor  axles,  and  90  per  cent,  on  non-motor  and  trailer 
axles. 

3.  All  dty  cars  to  be  braked  at  85  per  cent,  on  motor  axles  and 
75  per  cent,  on  non-motor  and  trailer  axles.  Seventy-five  per  cent, 
on  50  lb.  is  practically  the  same  as  90  per  cent,  on  60  lb. 

4.  Brake  pressure  to  be  70  lb.  per  square  inch  with  automatic 
equipments. 

5.  Governor  adjustment — 85  and  100  lb.  for  automatic  equip- 
ment. Governor  adjustment — 50  and  65  lb.  for  straight  air  equip- 
ment 

6.  The  standing  piston  travel  adjustment — 4  in. 

7.  Total  truck  leverage  to  be  6  to  i  for  long  wheel  base  trucks 
for  inside  hung  motors,  and  9  to  i  for  short  wheel  base  trucks  with 
outside  hung  motors. 

8.  A  12  to  I  maximum  total  leverage  is  permissible  when  brake- 
shoes  are  hung  not  more  than  2  in.  below  the  center  of  the  wheel, 
libiake-shoes  are  hung  lower  than  this  it  will  be  necessary  to  reduce 
the  maximum  total  leverage  accordingly,  and  if  brake-shoes  should 
be  hung  5  or  6  in.  below  the  center  of  the  wheel  a  total  leverage  of 
10  to  I  should  be  the  limit. 

9.  The  standard  M.C.B.  recommen- 
dations for  maximum  stress  in  levers, 
rods  and  pins  to  be  adopted  as  follows: 

W  Maximum  stress  in  levers — 
23,000  lb.  per  square  inch.  (6)  Maxi- 
mum stress  in  rods,  except  jaws — 
15,000  lb.  per  square  inch,  no  rod  to 
be  less  than  Ji  in.  (c)  Maximum  stress 
jn  jaws  to  be  10,000  lb.  per  square 
inch,    (d)  Maximum  shear  on  pins— 

10,000  lb.  per  square  inch,  single  shear.      _        ^     Oi.    j    j    u    1 
W  Diameter  of  pins  to  provide  a  bear-  shS°-posft-.^^'clt  El^^Ry: 
ing  value  not  to  exceed  23,000  lb.  per  Assn. 
square  inch,  projected  area. 

10.  Safety  valve  adjustments — 10  lb.  above  maximum  governor 
setting. 

(B)  Center  on  Brake-shoe,  Recommended:  That  center  of 
brake-shoe  be  set  2  in.  below  center  of  wheel.     (See  Fig.  6.) 

Clasp  Brake.  The  following  is  based  upon  comments  by  Mr. 
S.  W.  Dudley,  A.S.M.E.,  1914,  after  the  Pennsylvania- Westing- 
bouse  1913  tests:  The  use  of  the  clasp  type  of  brake  rigging  elimi- 
^tes  unbalanced  braking  forces  on  the  wheels  and  so  avoids  the 
^esirable  and  troublesome  journal  and  truck  reactions  that  come 
Ijjom  the  use  of  heavy  braking  pressures  on  but  one  side  of  the  wheel. 
This  not  only  has  an  important  effect  on  freedom  from  journal 
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troubles,  but  it  also  enables  the  wheel  to  follow  freely  vertical 
inequalities  of  the  track.  Although  the  clasp  brake  rigging  will 
produce  better  stops  than  a  single  shoe  brake  rigging  equally  well 
design^  (other  conditions  being  equal),  its  advantage  in  this  direc- 
tion is  of  less  importance  than  in  the  improved  truck,  journal  and 
shoe  conditions.  The  use  of  two  shoes  per  wheel  permits  a  design 
of  rigging  which  will  allow  flanged  shoes  to  be  used  without  danger 
of  pinching  flanges  and  causing  excessive  flange  wear  or  non-uni- 
form brake  forces  which  result  when  flanged  shoes  are  used  with 
rigid  beam  connections.  The  use  of  two  shoes  instead  of  one  per 
wheel  will  result  in  a  higher  coefficient  of  friction  and  less  wear  per 
unit  of  work  done.  A  comparison  of  the  values  of  mean  coeflicient 
of  friction  for  standard  and  for  clasp  brake  conditions  indicates 
a  decided  advantage  for  the  clasp  brake  throughout  the  entire 
range  of  braking  powers.  The  gain  in  favor  of  the  clasp  brake  with 
slotted  shoes  amounts  to  about  40  per  cent,  at  a  braking  power  of 
180  per  cent.,  and  100  per  cent,  at  a  braking  power  of  40  per  cent., 
an  average  gain  for  the  whole  range  of  braking  powers  of  about 
70  per  cent. 

From  a  brake-shoe  standpoint  the  advantage  of  using  two  shoes 
instead  of  one  shoe  per  wheel  may  be  summed  up  as  follows:  First, 
the  clasp  brake  is  associated  with  but  one-half  the  wheel  load  and 
consequently  has  but  one-half  as  much  energy  to  absorb;  second, 
the  clasp  brake-shoe  is  working  at  only  one-half  the  shoe  pressure 
at  which  the  standard  shoe  must  work  under  the  same  braking 
power;  third,  the  available  work  area  for  the  same  amount  of  energy 
to  be  absorbed  is  double. 

A  possible  source  of  disadvantage  when  using  two  shoes  per 
wheel  is  that  a  warped  or  poorly  bearing  shoe  is  subjected  to  less 
pressure  tending  to  force  it  into  a  good  contact  wiUi  the  wheel. 
For  this  reason,  though  the  available  shoe  area  is  doubled  when 
using  clasp  brakes,  the  actual  amount  of  working  metal  throughout 
the  stop  may  be  less  than  with  a  single  shoe,  which  is  less  capable 
of  resisting  the  tendency  of  the  heavier  pressure  to  cause  a  better 
fit  of  shoe  to  wheel. 

With  plain  solid,  shoes  the  durability  will  be  increased  41.1  j>er 
cent,  under  clasp  brake  conditions  as  compared  with  that  under 
single  shoe  conditions.  With  plain  slotted  shoes  the  durability 
will  be  increased  33.5  per  cent,  under  clasp  brake  conditions  as 
compared  with  that  under  single  shoe  conditions. 

Following  is  a  description  of  the  clasp  brake  installation  on  the 
cars  of  the  New  York,  Westchester  and  Boston  Railway:  Each 
motor  truck  is  fitted  with  eight  brake-shoes,  two  shoes  being  applied 
to  each  wheel.  The  purpose  of  this  clasp  brake  design  is  to  reSiuce 
the  pressure  per  brake-shoe  to  reasonable  limits  when  an  emergency 
application  of  the  air  brake  is  made.  It  also  minimizes  the  heating 
effect  on  the  brake-shoes,  as  the  regular  schedule  in  which  these 
cars  are  used  involves  frequent  station  stops  from  high  speeds.  A 
short  brake  rod  with  a  clevis  and  roller  connects  the  cylinder  lever 
to  a  radius  bar.  '  The  latter  is  supported. at  each  end  by  rocking 
levers  which  tend  to  move  by  gravity  into  a  position  to  release  the 
brake-shoes  when  the  pull  from  the  air  brake  cylinder  is  released. 
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Frora  each  end  of  the  radius  bar  a  tod  extends  toward  the  transoms 
and  is  attached  in  the  center  of  a  short  hoiizontal  floating  lever.  The 
inner  end  of  this  lever  is  fastened  to  the  top  of  a  live  brake  lever, 
carrying  a  shoe  bearing  on  the  inside  of  one  wheel.  A  pair  of  rods 
straddling  the  wheel  connect  the  bottom  of  this  Uve  Itfver  to  the 
bMtom  of  the  dead  lever  which  is  hung  from  the  truck  end  frame. 


n  automatic  slack  adjuatf 


Pig.  8.— Details  of  American  automatic  slack  attjusler. 
Means  are  provided  for  adjusting  the  length  of  these  bottom  con- 
ttettions  as  the  shoes  and  wheels  wear.  The  outer  end  of  the 
Jioniontal  floating  lever  is  connected  by  a  rod  to  the  end  of  a  cen- 
trally pivoted  lever  of  the  same  length  on  the  other  side  of  the  bol- 
ster. The  inner  end  of  this  pivoted  lever  is  fastened  to  the  live  brake 
lever  of  the  other  wheel.  The  arrangement  of  levers  on  each  side 
™  the  truck  is  the  same,  but  the  two  sides  operate  independently 
^eathothet  except  for  the  single  connection  through  the  radius  bar. 
Automatic  Slack  Adjuster.  The  function  of  the  automatic 
™ck  adjuster  is  to  automatically  maintain  the  brake-shoe  travel 
"  a  practicable  minimum  while  keeping  the  piston  travel  at  a 
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1  and  nearly  uniform.  By  doing  this,  a 
ciency  of  brakes  is  approached,  the  necessity  of  inspection  for  the 
adjustment  of  brakes  is  eliminated,  the  brakes  on  all  cars  operate 
as  nearly  alike  as  may  be  and  their  operation  is  nearly  the  s 
throughout  the  life  of  the  brake-shoes,  the  energy  consumption 
brake-shoe  wear  due  to  shoes  dragging  are  eliminated  and  a  n 
mum  of  air  and  the  accompanying  minimum  amount  of  energy  and  : 
compressor  duty  ale  demanded.  Automatic  slack  adjusters  are  I 
usuidly  located  either  at  the  brake  cylinder  or  on  the  truck.  Figs.  ■ 
7.  8  and  9  show  typical  adjusters  located  at  the  brake  cylinder  and  j 
Fig.  10  shows  a  typical  adjuster  located  on  the  truck  where  it  takes 
the  place  of  the  ordinary  tumbuckle  brake  rod  connecting  the 
bottoms  of  the  live  and  dead  levers.  I 

American  Automatic  Slack  Adjuster.    (Figs.  7  and  8.)    The  ad-  ' 
justet  cylinder  is  connected  by  the  adjuster  feed  pipe  to  a  port  in  the 
brake  cylinder  wall.     When  the  brake  piston  uncovers  this  port,   1 
compressed  air  flows  to  the  adjuster  cylinder  (see  Fig.  8),  thus   , 
operating  its  piston  which  in  turn  actuates  a  pawl  engaging  the 
ratchet  wheel  and  nut  on  the  screw.    Release  of  brakes  allows  the 
spring  in  the  adjuster  cylinder  to  return  the  piston  in  the  latter  to 
its  normal  position,  resulting  in  the  rotation  of  the  ratchet  nut  on 
the  adjusting  screw.     The  inner  end  of  the  screw  carries  a  jaw 
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which  acts  as  a  fulcrum  for  the  adjustable  or  floating  level  of  the 
brake  cylinder. 

Creco  Automatic  Slack  Adjustei.  (Fig.  9.)  Pin  A  traveling  in 
slot  B  of  bracket  F  passes  beyond  the  straight  line  which  is  made 
the  length  of  the  desired  piston  travel  and  goes  into  that  part  of  the 
bracket  slot  which  is  at  an  angle  of  45  deg.  from  the  straight  line 
or  the  line  of  normal  piston  travel.  The  action  of  the  pin  in  travel- 
ing through  the  angled  portion  of  the  slot  is  to  carry  the  ratchet 
pawl  over  the  teeth  of  the  ratchet  D,  and  upon  the  return  of  the 
pin  back  to  the  angle  with  the  release  of  the  brakes  to  turn  the  barrel 
C,  which  is  rigidly  attached  to  the  ratchet,  upon  the  screw  portion 
of  the  push  rod  proper,  thereby  lengthening  the  distance  E  from 
the  lever  pin  hole  in  the  jaw  to  the  end  of  cylinder  G. 


Brake  Rigging  Calculation.  Fig.  11  gives  formulas  for  calcu- 
Hting  truck  pull  rod  force,  brake-shoe  pressure  and  the  dimensions 
w  the  lever  carrying  the  brake-shoe  for  the  three  general  methods 
<M  suspension.  (See  also  Fig.  15.)  Figs.  12  and  13  give  formulas 
™oich  show  the  relations  between  the  brake-shoe  pressures  on  adj'a- 
^t  wheels  and  the  pull  rod  force  By  an  adjustment  of  the  lever 
aiaiensions  these  brake-shoe  pressures  may  be  made  to  bear  a 
'«Med  relation  to  each  other. 

■  L      '''Uowing  example  of  brake  rigging  calculation  (see  Fig.  15) 
"s  by  Mr.  E.  H.  Dewson,  Electric  Journal,  igos: 

A  cat  weighing  46,700  lb.  without  load  has  a  weight  of  32,200  lb, 
M  the  motor  truck  and  14,500  lb.  on  the  trailer  truck.  The  motor 
JtucK  is  equipped  with  inside  hung  brake-shoes  connected  directly 
to  a  double  set  of  levers,  no  brake-beams  being  used.  The  trailer 
'fuck  has  outside  hung  shoes  mounted  on  brake-beams,  conse- 
quently a  single  set  of  levers  is  used.  One  hundred  per  cent,  brake 
power  on  the  motor  wheels  requires  a  force  of  8050  lb.  at  each 
Dfake-shoe.  Ninety  per  cent,  brake  power  on  the  trailer  truck 
J^imres  a  force  of  65^5  lb.  at  each  br^e-beam.  The  total  brake 
P^wet  will  be  45,S50  lb.,  and  as  a  lo-in.  piston  under  a  pressure  of 
~  Ih.  per  square  inch  eierts  a  force  of  4700  lb.,  the  total  leverage 
™.n*  will  be  about  9.6  to  i,  which  is  satisfactory.  The  levers  sup- 
P™«  "iih  the  motor  truck  are  27  in.  long  and  the  shoes  are  hung 
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7H  in.  from  the  lower  end.     Considering  the  dead  lever  first  with 

its  fulcrum  at  the  upper  end  we  know  the  delivered  force  W  and  its 

distance  b  from  the  fulcrum,  also  the  distance  a  from  the  fulcrum 

to  the  applied  force  >. 

P;  substituting  ^  ^     r=r=^=:4;^ 

these  values  in  the 

.      J,    W  Xb 
equation  F = 

we     have     P     — 
8oSo  X  19.5  ^3 
27  ^   ^ 

lb.  as  the  stress  m 
the  adjusting  rod. 
Considering  the 
lower  end  of  live 
lever  as  the  fulcrum 
we  have  W  =  8050 
lb.,  b  =  7.5  in.  and 
a  =  27  in.,  conse- 
quently the  pull  at 
the  upper  end  P  = 

'^SO  X  7-S  ,  ,,36 

27 

The   proof   is  that 

5814+2236  =  8050." 

Asa  pull  of  2236  lb. 


W  - 


ic-{-d)b 
F(a-\-b) 


W 


ic-\-d) 


W'when-  -^ 

O         a 


See  also  Fig.  9. 

Fig.  12. — Braking  pressures  on  adjacent  pairs 
of  wheels,  I. 


must  be  exerted  on  each  side  of  the  trucks,  the  stress  in  the  truck 
pull  rod  will  be  4472  lb.    For  the  dead  lever  of  the  trailer  truck 
we  have  W  =  6525 
lb.,  b  =  22.5  in.  and 
a  =   IS   in.,  conse- 
quently the  stress  in  ?}*?*■ 
7i_       j»     *.•            J  •  center 
the  adjusting  rod  is 

J,  ^  6525  X  22.5 

IS 
=  9787.5  lb. 

With  the  intermedi- 
ate point  of  the  live 
lever  taken  for  the 
fulcrum,  W  ^  652s 
lb.,  b  =  7.5  in.  and 
a  =  15  in.  and  the 
stress  in  the  pull  rod 
p  «  6s2S_X_7v5 

IS 
=  3262.5  lb. 

The    proof   is   that 

6525    +   3262.5    = 

9787.S- 
It  is  now  necessary  to  so  proportion  the  push  rod  lever  that  with 

a  piston  force  of  4700  lb.  it  will  deliver  3262  lb.  (neglecting  the 


a  => 


(W  -  F)b 

P 
F  X  Jf 
W  -  F 


W 


F  jc  -^  d)a 
bXd     ' 


W  =  W  when  ^  =    - 


Fig.   13. — Braking  forces  on  adjacent  pairs  of 

wheels,  II. 
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half)  to  the  trailer  truck  pull  rod,  and  the  cylinder  lever  that  it 
will  deliver  4472  lb.  to  the  motor  truck  pull  rod.     For  efficient 

operation  of  the  slack  adjuster  these  levers 
should  not  be  less  than  30  in.  long;  with 
short  levers  the  action  of  the  adjuster 
would  cause  excessive  angular  distortion. 
If  the  applied  force  at  the  cylinder  end 
of  the  push  rod  lever  is  4700  lb.,  and  the 
delivered  force  at  the  pull  rod  is  3,262  lb., 
that  at  the  push  rod  will  be  4700  -f  3262  = 
7962  lb.  Assuming  that  the  pull  rod  pin 
is   the    fulcrum   we    have   P   =    4700, 

a  =  30  in.,  W  =  7962  and  b  == 


Wi  =  w  cos  a 
in  which  Wi  is  force  normal 
to  the  wheel  treads  at  cen- 
ter of  brake-shoe  surface. 

Fig.  14. — Relation  be- 
tween horizontal  and  nor- 
mal braking  forces. 


4700  X  30 

7962 


w 

—  ly^Hs  in.     For  the  cyl- 


a  = 


4472  X  30 
7962 


inder  lever  we  have  F  =  7962  lb.,  IF  = 
4472  lb.,  and  6  =  30  in.,   therefore 


=  16  J6  in. 


With  the  ordinary  brake  handle,  staff  and  chain  supplied  with 
electric  cars,  1200  lb.  is  about  as  much  force  as  the  average  man 
can  exert  on  the  hand  brake  pull  rod.    This  must  be  multiplied  to 


Hand  Brake  Bod  *'aJ«r^ 


8060 


BSli' 


aoGo 


Car  weighs  46,700  lb. 
32,200  lb.  on  motor  truck 


100%  brake  power  on  motor  truck 
i4tSOO  lb.  on  trailer  truck  90%  brake  power  on  trailer  truck 

Pig.  15. — Calculations  for  a  si)ecific  brake  equipment. 

4700  to  give  the  same  brake  power  by  hand  as  by  air  pressure.  | 
Using  a  multiplying  lever  18  in.  long  and  connecting  to  the  push  ' 
rod  pin  by  a  chain  fastened  10  in.  from  the  fulcrum,  the  force  re- 
quired at  the  end  of  the  lever  will  be =  261 1  lb.     As- 
suming that  the  hand  brake  lever  is  6  ft.  long  and  pivoted  at  the 
center,  we  have  F  =  1200  lb.,  a  =  36  in.,  W  =  261 1  lb.  and  b  = 

1200  X  36         ^  ^    •  ..If      ^,,  . 

— - — =  10.54  m.,  or  practically  loH  m. 

2611 

Brake  Rigging  Efficiency.    A  part  of  the  brake  cylinder  force  is 

lost  in  being  transmitted  to  the  brake-shoe  and  as  the  leverage  of 
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the  brake  rigging  is  calculated  from  the  piston  force  it  is  necessary 
to  make  proper  allowance  for  this  frictional  loss.  The  efficiency 
of  the  rigging  will  depend  upon  the  eqiiipment,  condition  and  pres- 
sure used.  Tests  to  determine  its  value  have  been  unsatisfactory. 
Such  tests  have  yielded  various  values,  but  they  indicate  that  in 
most  cases  the  value  for  ordinary  equipment  in  good  condition 
probably  lies  between  80  and  85  per  cent.  Commenting  on  the 
Pennsylvania-Westinghouse  1913  tests,  Mr.  S.  W.  Dudley, 
A.S.M.E.,  1914,  states  that  they  indicate  that  at  least  85  per  cent, 
transmission  efficiency  could  be  obtained  with  either  single  shoe 
or  clasp  brake  rigging.  These  tests  indicate  that  the  following 
features  are  important  in  securing  the  maximum  overall  brake  rig- 
ging efficienQr:  (a)  protection  against  accidents  that  may  result  from 
parts  of  rigging  dropping  on  the  track;  (b)  maximum  efficiency  of 
brake  rigging  at  all  times  to  insure  the  desired  stopping  with  a  mini- 
mum per  cent,  of  braking  power;  (c)  uniform  distribution  of  brake 


Pig.  16. — Brake  rigging  for  low  floor  car, 

force,  in  relation  to  weight  braked,  on  all  wheels;  (d)  with  a  given 
nominal  per  cent,  braking  power,  the  actual  braking  power  to  re- 
main constant  throughout  the  life  of  the  brake-shoes  and  wheels; 
(e)  piston  travel  to  be  as  near  constant  as  practicable  under  all  con- 
ditions of  cylinder  pressure;  (/)  minimum  expense  of  maintenance 
and  rimning  repairs  of  brake  rigging  between  the  stopping  of  cars. 
Brake  Rigging  for  Low  Floor  Car.  Fig.  16  shows  the  general 
scheme  of  the  foundation  brake  gear  used  on  the  New  York  low 
floor  cars.  Levers  pivoted  to  the  truck  at  their  upper  end  serve 
as  hangers  for  the  brake-shoes  for  the  motor  wheels.  The  lower 
ends  of  these  levers  are  connected  by  a  tie  bar  actuated  by  two 
compression  members,  which  at  their  other  ends  form  fulcrums  for 
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two  horizontal  levers.  The  short  ends  of  the  horizontal  levos 
apply  pressure  to  the  shoes  of  the  pony  wheels.  The  long  ends  aic 
connected  by  an  equalizing  bar  which  is  acted  on  by  a  push  rod, 
the  latter  being  pinned  to  the  lower  end  of  a  vertical  lever  ful- 
crumed  to  the  car  body.  Thus  the  brake  rigging  of  the  truck  dears 
the  low-hanging  body  and  divides  the  brakmg  power  between  the 
wheels  in  proportion  to  the  weight  carried,  due  allowance  having 
been  made  for  the  inertia  of  the  revolving  parts.  Provision  for 
adjusting  the  brake  rigging  to  compensate  for  shoe  wear  has  been 
made  in  the  construction  of  the  compression  members  between 
the  brake-beam  of  the  motor  wheels  and  the  small  horizontal  levers. 
The  brake-beam  end  of  these  compression  members  is  threaded 
and  passes  through  holes  in  the  beam;  sleeve  nuts,  of  which  the 
sleeves  fill  the  hole  in  the  beam  nicely,  provide  the  means  for  making 
the  adjustment,  after  which  the  sleeve  nuts  are  locked  together  so 
that  there  is  no  lost  motion  between  the  beam  and  the  compression 
members.  The  upper  end  of  the  vertical  lever  above  mentioned  is 
connected  to  the  pull  rod  proper  of  the  car-body  brake  rigging, 
which  is  actuated  through  a  pair  of  levers  by  a  brake  cylinder  7  in. 
in  diameter  and  of  8-in.  stroke.  Space  limitations  necessitate  the 
use  of  a  double  system  of  levers  together  with  the  shortest  possible 
brake  cylinder.  Truck  pull  rods  extend  beyond  the  cylinder  lever 
in  order  that  the  hand  brake  connection  may  be  made  througb  t 
pair  of  equalizing  levers.  The  pull  rod  end  of  each  of  these  lev«B 
is  provided  with  an  eye  so  that  the  pull  rod  is  free  to  move  through 
it,  when  actuated  by  the  brake  cylinder,  without  disturbing  the 
hand  brake.  This  rod  was  necessary  because  the  very  small  dear- 
ance  between  the  under  side  of  the  car  flooring  and  the  surface 
of  the  street  would  not  admit  of  any  sagging  chains  such  as  are  used 
ordinarily  for  the  connection  between  the  hand  brake  rigging  and 
the  portion  operated  by  air.  The  release  of  the  brake-shoes  is 
accomplished  by  the  weight  of  the  shoes  on  the  motor  wheels  and  a 
release  spring  on  the  car  body  which  acts  against  one  of  the  cylinder 
levers.       (See  also  page  508). 

Typical  Hand  Brake  Sdiemes.  The  more  common  hand  brakes 
may  be  divided  into  four  types,  namdy:  gearless  staff,  spur-geared 
staff,  spur-geared  stafQess  and  worm-geared  staff.  The  scheme 
of  each  of  these  is  shown  by  Fig.  17.  Although  the  drum  on  whidi 
the  chain  is  wound  may  be  of  uniform  diameter  throughout  its 
length,  many  of  the  drums  now  used  are  conical  or  eccentric  so 
that  the  slack  chain  may  be  rapidly  taken  up  over  the  pK>rtion  of 
large  radius  and  the  final  tension  applied  to  the  chain  at  small 
radius,  thereby  giving  a  maximum  tension  when  it  is  needed.  As 
the  crank  or  hand  wheel  is  turned,  the  tension  is  transmitted 
through  this  chain,  thence  through  a  rod,  thence  through  a  chain  to 
the  brake  lever  system  (see  Fig.  15).  In  calculating  the  relation 
of  tension  in  the  hand  brake  rod  to  the  pull  applied  to  the  crank, 
the  distance  6,  Fig.  17,  is  the  effective  radius  of  the  drum  when 
the  brakes  are  fuUy  applied.  This  distance  varies  according  to 
the  shape  of  the  chain,  its  method  of  winding  and  the  travd  of 
the  brake-shoes.  Tests  made  by  Mr.  G.  L.  Fowler  on  the  cars  of 
the  Brooklyn  Heights  Company,  using  dynamometers  in  the  truck 
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pull  rods,  showed  the  braking  pressure  at  the  wheels  to  vary  as 
much  as  40  per  cent,  with  a  given  pressure  applied  to  the  brake 
handle  on  different  applications  on  the  same  car.  This  was  found 
to  be  due  entirely  to  the  manner  in  which  the  chain  rolled  on  the 
brake  staff. 


I 


Orank 
(orliud«h«d) 


Hh 


Plaloa 
t-lMth 


FoQ(Ln«r 


titahai  ^ 


Wono 


|J=^^ 


A-Qearleai 
Stan 


B-8par 
Geared  Stall 


0-8par 
Geared  Staffleaa 


D-Worm 
Qjeared  Stall 


Fig.  17. — Typical  hand  brake  schemes. 


Gearless  Staff  Hand  Brake  (A,  Fig.  17).  The  gearless  staff  is 
the  most  common  type  of  hand  brake  used  on  light  cars. 

(tension  in  rod)  =  -r  X  (pull  on  handle). 

0 

Spur-geared  Staff  Hand  Brake  (B,  Fig.  17).  An  increase  in 
mechanical  advantage  over  that  of  the  gearless  staff  type  is  secured 
by  the  spur  gear. 

(tension  in  rod)  =  -r  X  r  X  (pull  on  handle) . 

0      t 

Spur-geared  Staffless  (C,  Fig.  17).  The  force  applied  at  the 
handwheel  is  transmitted  through  a  spur  gear  to  the  winding  drum. 
The  ratchet  is  normally  held  at  release  by  gravity  and  is  set  by  a 
foot  lever.  Most  satisfactory  results  have  been  secured  with  gear 
ratios  of  14  :34  and  12:36. 

a       T 
(tension  in  rod)  =  t  X  —  X  (pull  on  handle). 

0      I 

Wonn-geared  Staff  (D,  Fig.  17).  A  worm  on  the  handwheel 
shaft  drives  a  gear  on  the  staff.  Ordinarily  a  compression  spring 
holds  the  worm  in  mesh  with  the  gear.  Release  is  obtained  by 
means  of  a  grip  eccentric  lever  which  disengages  the  worm  from 
the  gear.    The  slack  chain  is  taken  up  by  a  torsion  spring. 

Hand  Brake  Maintenance  (see  also  Page  512).  Brake-staff  de- 
fects are  due  principally  to  the  staff  binding  and  not  releasing  freely, 
and  are  often  caused  by  the  drawbar  rest  being  displaced.  Brake- 
chain  troubles  are  largely  due  to  the  hand  brake  binding  and  jam- 
ming between  the  brake  staff  and  sill.  One  of  the  most  impor- 
tant points  in  the  transmission  of  braking  power  from  the  brake 
32 
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handle  to  the  wheels  is  the  winding  of  the  brake  chain  on  the  staff. 
A  dose  link  chain  should  be  used  and  care  taken  to  have  su^dent 
lead  to  the  chain  to  allow  it  to  roll  on  the  staff  without  one  turn 
binding  or  running  upon  another.  There  should  also  be  suffident 
release  spring  pressure  to  pull  slack  chain  promptly  from  the  staff, 
so  that  the  (£ain  will  wind  on  the  staff  directly  below  the  eye  fodt 
Great  care  should  also  be  taken  to  see  that  the  lead  of  the  chain  is 
such  as  to  prevent  its  winding  above  the  eye  bolt  and  jamming 
against  tJie  platform  and  rendering  the  brakes  inoperative.  An- 
other pK>int  to  be  guarded  against  is  that  of  the  chain  at  the  rear 
end  of  the  car  catching  on  the  snow  scrapers  and  thus  preventing 
an  application  of  brakes.  Inspection  of  the  brake  chain  should 
guard  against  badly  worn  links,  or  eye  bolts,  or  the  possibility  of 
nuts  working  off  the  eye  bolts. 

Types  of  Air  Brakes.  Straight  air  brake  S3rstem,  recommended 
for  single-car  operation  only. 

Emergency  straight-air  system,  suitable  for  two  car  operation, 
particularly  when  one  is  operated  single  most  of  the  time  and  with 
a  trailer  added  during  rush  hours. 

Automatic  air  brake  system,  suitable  for  trains  of  three  or  more 
cars. 


Oage 


Trolley 


Fig.   1 8. — Straight  air  brake  system. 

^  Combined  straight  and  automatic  air  brake  system,  for  locomo- 
tive service  and  for  operation  of  single  cars  or  trains  of  several  cars. 

Electropneumatic  air  brake  system,  for  service  simUar  to  that  of 
the  automatic  system. 

Straight  Air  Brake  System.  (Fig.  i8)  The  straight  air-brake 
system  consists  essentially  of  a  source  of  compressed  air  (either  a 
tank  filled  at  intervals  from  an  air  compressor,  motor  or  axle  driven, 
located  upon  the  car,  or  sometimes  from  a  compressor  at  charging 
stations) ;  a  reservoir  which  receives  the  air  from  the  compressor 
or  charging  tanks  and  in  which  the  pressure  is  maintained  prac- 
tically constant  by  means  of  a  reducing  valve,  or  by  a  governor 
which  automatically  controls  the  operation  of  the  compressor;  a 
brake  cylinder,  the  piston  of  which  is  connected  to  a  system  of 
brake  levers  in  such  a  manner  that  when  the  piston  is  forced  out- 
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ward  by  air  pressure  the  brakes  are  applied;  an  operating  valve 
mounted  in  each  vestibule  by  means  of  which  the  compressed 
air  is  either  admitted  to  or  released  from  the  brake  cylinders;  a 
bipe  system  connecting  the  above  parts,  including  cut-out  vaJves, 
nose,  and  angle  fittings  between  cars.  In  order  to  prevent  any  p>os- 
sibiiity  of  accumulating  an  excessive  pressure,  a  safety  valve  de- 
signed to  open  at  loo  lb.  per  square  inch  is  placed  in  the  air  supply 
system.  A  set  of  pressure  gages  is  usually  supplied  with  each  com- 
plete equipment  in  order  that  the  motorman  may  observe  the  pres- 
sure in  the  reservoir  and  remedy  any  defects  in  the  governing 
apparatus. 

To  operate  the  motorman's  valve  the  handle  is  inserted  when  the 
valve  is  in  lap  position  where  the  slot  in  the  body  of  the  valve  is 
enlai^ed  for  this  purpose  (and  to  prevent  its  removal  in  any  other 
position).     In  this  position  the  v£dve  is  set  so  that  air  can  neither 
pass  into  nor  out  of  the  brake  cylinder.     Moving  the  handle  to 
the  left  places  the  valve  in  full  release,  that  is,  connects  tibe  brake 
cylinder  to  the  atmosphere  and  allows  the  air  which  hold  s  the  brakes 
applied  to  escape,  when  the  spring  which  is  opjyosed  to  the  air  pressure 
restores  the  piston  and  releases  the  brakes.     To  partially  release 
the  brakes,  which  is  necessary  in  braking  in  order  to  prevent  shocks 
as  the  car  stops,  the  handle  is  moved  to  the  left  and  returned  to 
lap  position.    This  reduces  the  pressure  oh  the  brake-shoes,  but 
does  not  entirely  release  them.     To  apply  the  brakes  for  a  service 
stop,  the  handle  is  moved  to  the  right  a  little  past  the  lap  position, 
then  back  to  lap.    This  connects  the  reservoir  with  the  brake  cylin- 
der through  a  small  opening  in  the  valve,  then  holds  the  pressure 
constant  until  it  is  necessary  to  release  or  apply  more  pressure. 
Moving  the  handle  further  to  the  right  connects  the  reservoir  to 
the  brake  cyUnder  through  a  large  opening,  thus  causing  the  cylin- 
der to  fill  rapidly  and  quickly  apply  the  brakes  with  maximum 
pressure.     Sand  is  usually  applied  to  the  tracks  as  soon  as  the 
handle  is   turned  to  emergency  to  avoid   skidding  the  wheels. 
In  descending  grades  a  light  application  of   the  brakes  may  be 
niade  and  the  handle  returned  to  lap.     A  sufficient  length  of  time 
should  be  allowed  for  car  to  feel  the  effect  of  the  brakes  before 
appljring  more  pressure.    If  speed  is  higher  than  desired  a  second 
ligut  application  should  be  made  and  operation  repeated  as  often 
as  necessary  until  the  desired  speed  is  obtained,  or  until  the  car  has 
left  the  grade. 

The  straight  air  system  of  air  brakes,  although  only  recommended 
^  single-car  operation,  may  be  used  when  operating  with  a  trailer. 
T^e  equipment  for  trail  cars  consists  of  a  brake  cylinder  and  system 
of  levers  similar  to  the  ones  on  the  motor  car,  a  length  of  pipe  run- 
^ng  the  entire  length  of  the  car  and  provided  with  hose  couplings 
^d  cut-out  cocks  for  connections  to  the  forward  and  rear  cars.  In 
connecting  up  trail  cars,  all  the  hose  couplings  must  be  thoroughly 
^ted  to  insure  that  air  will  apply  throughout  the  entire  train.  All 
Jqc  cut-out  cocks  must  be  opened  except  those  on  the  rear  of  the 
^^car,  and  the  front  of  the  first  car,  which  must  be  closed. 

^  far  as  single-car  operation  is  concerned,  the  straight  air  brake 
^tem  is  very  satisfactory,  as  the  desired  flexibility  in  the  matter  of 
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graduations  of  applications  and  release  of  the  brakes  with  due  regard 
to  the  passengers  standing  can  readily  be  seciired,  and  this  apparatus 
is  uswdly  so  simple  in  construction  that  the  motorman  may  become 
familiar  with  its  operation  to  such  an  extent  that  accurate  stops  may 
be  secured  with  a  minimum  amount  of  instruction.  In  trains  of 
considerable  length,  however,  the  response  of  the  brakes  on  the  rear 
cars  is  too  slow,  since  all  the  air  must  pass  from  the  main  reservoir  on 
the  front  car  through  the  opening  in  the  motorman's  valve  to  the 
brake  cylinders  of  each  car.  As  l£e  addition  of  each  car  adds  to  the 
volume  of  the  brake  system,  the  main  reservoir  on  the  first  car  must 
be  considerably  increased  in  order  that  the  pressure  will  not  be 
reduced  to  such  an  extent  that  the  brake  application  will  not  be 
sufficient  and  result  in  overrunning  the  desired ,  stopping  place. 
These  latter  objections  would  not  be  sufficient  to  prevent  the  use 
of  this  type  of  air  brakes  on  short  trains  of  two  or  three  cars  were 
it  not  for  the  fact  that  a  broken  hose  connection  or  leaky  train  pipe 
renders  the  brakes  on  the  whole  train  inoperative. 


SeaerTolr  Line 
Fig.  19. — Emergency  straight  air  brake  system. 

Emergency  Straijght  Air  Brake  System.  (Figs.  10  and  20.) 
The  emergency  straight  air  brake  differs  from  the  straignt  air  brake 
in  the  details  of  the  motorman's  valve  and  in  the  addition  of  an 
emergency  valve  and  reservoir  line  which  connects  the  motor- 
man's  valve  with  the  emergency  valves.  In  the  case  of  a  trail 
car  an  auxiliary  reservoir  is  sdso  added  as  shown  in  Fig.  21. 

In  the  ordinary  operation  of  single  cars  or  short  trains,  the  emer- 
gency valve  is  seldom  brought  into  play.  It  is  necessary,  however, 
to  provide  a  short  direct  passage  from  the  reservoir  to  the  brake 
cylinder  in  order  to  ensure  the  quickest  possible  action  in  time  of 
emergency  and  to  provide  some  means  of  automatically  braking  the 
rear  cars  should  a  break  occur  in  the  train  line.  At  other  times 
when  it  is  desired  to  make  a  service  application  or  release,  the  air  is 
admitted  or  exhausted  through  the  motorman's  valve  the  same  as  io 
the  straight  air  brake. 
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With  the  motonnan's  valve  in  the  emei^ency  position,  it  allona 
ail  to  escape  from  the  reservoir  line  and  causes  the  reservoir  pressure, 
which  is  above  that  in  the  emergency  valve,  to  compress  tbe  spring 
which  holds  it  in  its  normal  position,  thus  opeoing  a  port  in  the  cas- 
iog  o[  the  valve  to  the  brake  cylinder  for  the  direct  passage  of  tbe 
reservoir  ur.    At  the  same  time  all  communication  with  tbe  train 
and  reservoir  lines  is  cut  o9.     To  release 
the  brakes,  therefore,  it  is  necessary  to  first 
return  the  emergency  valve  to  its  normal 
position  by  recharging  the  reservoir  line 
to  the  reservoir  pressure,  which  allows  the 
spring  under  the  valve  to  return  it  to  its  orig- 
inal portion,  then  brakes  can  be  released 
the  same  as  after  a  service  application  by 
exhausting  the  ail  from  the  train  line.     The 
lecha^ing  of  the  reservoir  line  is  accom- 
plished by  moving  the  motorman's  valve  to 
emergency  release  position  at  the  extreme  f 
Wt  of  the  slot  in   the  body  of  the  valve 
where  a  connection  is   made  between  the   „ 
main  reservoir  and  the  reservoir  Une  as  weU    b'tkelm'^ilency  vliv'" 
•5  one  between  the  train  line  and  atmos- 
phere.   With  tbe  emergency  valve  in  normal  position  there  is  a 
^ect  passage  to  tbe  train  line  and  brake  cylinder,  and  the  service 
applications  and  release  are  made  by  increasing  or  decreasing  the 
ptessurein  the  train  pipe. 

Bmetgency  Straight  Air  Brake  S^tem  for  I^ail  Car.    (Fig.  ii.) 
'"  ■'  '  1  trail  car  tbe  afiiiliary  reservoir  is  charged  during 


In  the  c 


emergency  release  by  tbe  air  pressure  equalizing  on  both  sides  of 
the  slide  valve  through  the  charging  grooves  in  the  valve  caang.  At 
other  times  it  is  cha^d  from  the  main  reservoir  through  tbe  charg- 
ing grooves  in  tbe  emergency  vaive  on  tbe  motor  car. 

In  case  of  accident  to  the  reservoir  line  the  air  can  be  exhausted 
from  the  auxiliary  reservoir  and  tbe  train  operated  on  straight  air 
without  interrupting  tbe  service.     An  accident  to  the  tr^n  line  has 
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no  effect  upon  the  action  of  the  emergency  valve  which  still  can  be 
operated  as  ordinarily  by  throwing  the  motorman's  valve  to  the 
emergency  position.  As  this  system  has  the  straight  air  brake 
principle  most  prominent  it  is  subject  to  the  same  objections  which 
prevent  the  use  of  tbe  straight  air  brake  on  longer  trains,  namely, 
the  time  element.  For  this  reason,  the  automatic  air  brake  is  used 
generally  on  trains  of  three  or  more  cars. 


AutomaticAir Brake  S^steni.    (Fig.  22:)    The  automatic  air  brake 
differs  from  the  straight  air  brake  in  that  the  former  requires  a  de- 
crease in  the  train-pipe  pressure  to^pply  the  brakes,  and  an  increase 
in  pressure  to  release  them,  whereas  in  the  latter,  air  is  admitted  to 
the  train  pipe  to  appl^  the  brakes  and  exhausted  to  release  them.  | 
The  apparatus  required  for  this  system  in  addition  to  that  already  , 
mentioned  for  the  straight  air  brakes  is  as  follows:   A  set  of  duplei  | 
pressure  gages  which  indicate  simultaneously  the  pressure  in  the  ' 
main  reservoir  and  in  the  train  pipe;  an  auxiliary 
reservoir  for  storing  the  air  used  by  each  car  in 
braking;  a  triple  valve,  the  function  of  which  is  to  : 
admit  air  from  the  auriliary  reservoir  into  the  ' 
*  brake  cylinder  and  to  release  it  therefrom  (in  re- 
lease position,  the  auxiliary  reservoir  is  recharged), 
and  an  air-whistle  reservoir  with  suitable  dheck  | 
valve  for  suppl>ing  air  to  the  air  whistle.  1 

Fig    ]•  ^piain         This  system  is  capable  of  a  great  many  re&ne-  I 
triple  valve.        meots  which  may  be  added  or  omitted  as  require-  I 
ments  of  a  particular  service  may  prescribe.  , 
The  main  points  of  difference  between  particular  automatic  air 
brake  equipments  will  generally  be  found  in  the  details  of  the  triple 
valves,  and  the  addition  of  pressure  maintaining  and  reducing 
valves,  which  are  essential  in  certain  classes  of  grade  work  in  order 
to  prevent  brakes  leaking  off.     These  particulars  have  been  inten- 
tionally omitted  from  this  consideration  to  avoid  undue  complexity. 
Two  forms  of  triple  valves,  however,  need  to  be  considered  here 
inasmuch  as  the  plain  triple  valve,  Fig.  Z3,isoDlyusedoncompara- 
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For  the  emergency  position  shown  in  diagram,  Fig.  24,  the  train 
line  is  (4>en  to  the  atmosphere,  allowing  auxiliary  reservoir  pressure 
on  the  n^t  of  the  ^de-valve  piston  to  force  it  to  the  left  against  the 
graduating  spring,  compressing  it  and  uncovering  the  brake  cylinder 
port,  thus  permitting  air  to  flow  from  the  auiiiiary  reservoir  directly 
mto  the  brake  cylinder,  at  the  same  time  the  ports  leading  to  the 
atmosphere  and  to  the  train  pipe  are  closed. 

To  release  the  brakes,  the  main  reservoir  air  is  admitted  through 
the  train  to  the  chamber  at  the  left  of  the  slide-valve  piston,  forcing 
it  to  the  right  and  connecting  the  brake  cylinder  port  to  the  exhaust 
port  at  the  same  time  air  at  the  main  reservoir  pressure  raises  the 
cheti  valve  and  recharges  the  auxiliary  reservoir  to  main  reservoir 
pressure. 

A  graduated  release  of  the  brakes  may  be  obtained  with  this  type 


air  the  same  as  is  in  the  straight  air  brake. 

A  service  application  requires  only  a  slight  reduction  in  train-line 
pressure  (from  5  to  7  lb.)  which  is  sufficient  to  permit  the  slide- 
valve  piston  to  slightly  compress  the  graduating  spring  and  par- 


ha.  54,— Quick  action  tripl*  Pig.  as.— Quick  action  triple 

'■ally  open  the  brake  cylinder  port.  When  the  auxiliary  !• 
pressure  has  been  reduced  to  about  the  same  as  the  trdn-line  pres- 
sure, the  graduating  spring  will  return  the  slide  valve  to  Jap  posi- 
tion, dosing  ail  the  ports  before  the  brakes  aie  fully  applied.  The 
anriliary  reservoir  and  brake  cylinder  are  usually  so  proportioned 
that  the  brakes  are  fully  applied  when  the  brake  piston  displacement 
is  sufficient  to  reduce  the  auitiUary  reservoir  pressure  about  15  lb. 
Therefore,  a  train  pipe  reduction  greater  than  15  lb.  fully  applies 
the  brakes  and  is  wasteful  of  air  as  the  train  pipe  and  the  auxiliary 
reservoir  must  be  fully  charged  after  each  application. 
_  Quick-action  Triple  Valve.  The  quick-action  triple  valve  shown 
'1  Fie.  24  is  designed  to  be  used  on  freight  trains  of  considerable 
length,  its  function  is  to  apply  and  release  the  brakes  on  the  rear 
MIS  so  (quickly  that  the  running  in  and  out  of  the  slack  is  avoided. 
F?g-  =3  '3  a  diagrammatical  section  of  the  triple  valve  shown  in 
'■g'  34-    In  the  full  release  position  shown,  air  is  allowed  to  pass 
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from  the  brake  cylinder  through  ports  in  the  slide  valve,  the  same 
as  in  the  plain  triple  valve.  The  auxiliary  reservoir  is  charged 
through  grooves  around  the  slide-valve  piston  and  through  the 
raised  check  valve  and  uncovered  port  in  the  slide  valve. 

In  release  position  the  decrease  in  train  line  pressure  allows  the 
valve  piston  to  move  to  the  left  closing  the  charging  grooves  and 
feed  port,  J,  and  exhaust  port,  P.  Just  previously  to  the  valve 
piston  striking  the  graduatmg  stem,  a  cavity  in  the  grading  valve 
on  top  of  the  slide  valve  connects  ports  which  allow  communication 
from  the  brake  cylinder  to  the  emergency  chamber  and  train  pipe. 
The  piston  in  the  emergency  chamber  is  only  loosely  fitted  so  that 
the  air  which  is  admitted  from  the  train  pipe  to  the  unseated  check 
valve  passes  into  the  brake  cylinder  before  communication  is 
established  between  the  auxiliary  reservoir  and  the  brake  cylinder. 
Owing  to  the  friction  in  the  train  pipe  a  reduction  of  air  pressure  at 
the  front  end  of  the  train  is  not  felt  at  the  rear  end  until  some  time 
later,  thus  the  venting  of  the  train  pipe  at  each  car  results  in  hasten- 
ing the  reduction  for  each  car  following;  at  the  same  time  requiring 
a  less  reduction  at  the  engineer's  valve  to  apply  the  brakes  with  a 
given  pressure  since  the  auxiliary  reservoir  is  not  required  to  supply 
all  the  air  to  the  brake  cylinder. 

When  the  brake-cylinder  pressure  is  reduced  below  that  in  the 
train  line,  the  slide-valve  piston  moves  to  the  right  with  the  graduat- 
ing valve  and  closes  all  ports  leading  to  the  brake  cylinder.  The 
tendency  for  the  brake-pipe  and  auxiliary-reservoir  pressures  to 
equalize  through  the  connections  to  the  brake  cylinder  is  prevented 
by  the  proportioning  of  the  respective  ports,  so  that  the  auxiliary- 
reservoir  pressure  decreases  faster  than  the  brake-pipe  pressures 
and  insures  the  travel  of  the  piston  to  the  right. 

In  retarded  release  the  train  line  is  quickly  re-charged,  forcing 
the  valve  piston  to  the  extreme  right,  thus  preventing  the  re-charg- 
ing of  the  auxiliary  reservoir  through  the  charging  grooves  before 
opening  a  small  port  in  the  slide  vsdve,  thus  permitting  the  train- 
line  pressure  to  raise  the  check  valve  and  slowly  re-charge  the 
auxiliary  reservoir.  The  function  of  the  charging  device  (shown  on 
the  outside  of  the  valve  in  Fig.  24)  is  to  prevent  the  inertia  of  the 
slide  valve  forcing  it  to  the  extreme  right  of  its  travel  when  the 
valve  piston  is  brought  up  against  its  stop.  The  restricted  area 
at  the  left  end  of  the  exhaust  cavity  of  the  slide  valve  partly  closes 
the  exhaust  port  and  allows  the  brake-cylinder  air  to  flow  slowly  into 
the  atmosphere.  On  account  of  the  friction  in  the  train  pipe,  it  is 
impossible  to  re-charge  the  train  line  at  the  rear  of  the  train  faster 
than  the  air  will  flow  through  the  charging  grooves  of  the  triple 
valves,  hence  only  the  triple  valves  of  the  foremost  cars  move  to 
retarded  release,  the  others  remaining  in  full  release,  thereby  releas- 
ing the  brakes  on  the  rear  cars  quickly. 

The  sudden  reduction  of  train-pipe  pressure  in  emergency  posi- 
tion of  the  engineer's  valve  moves  the  slide-valve  piston  to  flie  left 
compressing  the  graduating  spring  and  opening  a  port  directly  to 
the  brake  cylinder  and  another  to  the  emergency  chamber  un- 
seating the  emergency  valve;  at  the  same  time  the  train-line  pressure 
opens  the  check  valve  and  air  flows  from  the  train-line  directly  into 
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the  brake  cylinder,  appl3dng  the  brakes  with  maximum  pressure. 
The  quick  venting  of  the  train  line  insures  the  rapid  serial  action  of 
the  brakes  on  the  rear  cars.  The  braking  of  a  hose  opens  the 
train-line,  thus  reducing  the  train-line  pressure  and  causing  the 
brakes  to  be  applied. 

Combined  Straight  and  Automatic  Air  Brake  Eqtupment.  With 
the  combined  straight  and  automatic  air  brake  equipment,  when  the 
motorman's  valve  handle  is  placed  in  the  emergency  position,  air 
is  admitted  to  the  brake  cylinder  on  the  operating  car  by  both  the 
automatic  and  straight  air  features,  giving  a  maximum  brake  cylin- 
der pressure,  which  is  maintained  as  long  as  the  handle  remains  in 
this  position.  The  change  from  the  straight  air  application  of  the 
brake  to  an  automatic  application,  or  vice  versa,  may  be  made  by 
moving  the  valve  handle  to  the  different  positions  on  the  valve 
quadrant.  An  automatic  application  of  the  brakes  on  the  entire 
train  is  made  by  moving  the  valve  handle  to  the  automatic  service 
position,  which  reduces  the  pressure  in  the  brake  pipe  in  the  usual 
manner.  A  straight  air  application  of  the  brake  is  made  by  moving 
the  valve  handle  to  the  straight  air  application  position.  This  con- 
nects the  control  pipe  with  the  straight  air  application  pipe  and 
admits  air  to  the  brake  cylinder  through  the  quick  service  valve 
from  both  the  straight  air  application  pipe  and  the  auxiliary  reser- 
voir. The  release  of  the  brake  is  made,  after  a  straight  air  or  an 
automatic  application,  by  moving  the  valve  handle  to  the  release 
position.  In  this  position  the  control  pipe  is  connected  to  the  brake 
pipe,  and  the  straight  air  application  pipe  is  connected  to  the  atmos- 
phere. A  straight  air  application  pipe,  which  connects  the  motor- 
man's  valves  with  the  quick  service  valve,  is  installed  on  motor  cars 
only.  For  automatic  operation,  two  pipe  lines,  namely  the  control 
pipe  and  brake  pipe,  are  provided  on  each  car.  These  are  connected 
together  between  cars  by  standard  hose  and  couplings,  making  them 
continuous  throughout  the  train.  The  control  pipe  admits  air  at 
a  pressure  predetermined  by  the  adjustment  of  the  feed  valve 
(usually  70  lb.)  to  the  reservoir  connection  of  the  motorman's  valve, 
and  also  to  the  triple  valves  on  all  the  cars  in  a  train.  This  ar- 
rangement confines  the  excess  pressure  of  85  or  95  lb.  to  the  main 
reservoir,  and  thus  prevents  overcharging  the  brake  pipe  and  auxil- 
iary reservoir.  This  arrangement  automatically  provides  for  an 
even  distribution  of  work  between  the  several  compressors  on  a 
train,  without  the  use  of  any  special  governing  apparatus. 

The  following  list  of  advantageous  features  of  this  system  were 
given  in  a  paper  by  Mr.  W.  V.  Turner,  Electric  Journal,  191 1 :  (i) 
Flexibility  and  promptness  of  a  straight  air  operation  providing  a 
brake  easy  to  manipulate,  quick  and  uniform  in  response,  thereby 
saving  much  time  in  making  stops;  (2)  all  the  features  of  straight 
air  and,  in  addition,  an  automatic  brake  for  safety;  (3)  both 
straight  air  and  automatic  operations  by  movement  of  one  brake 
valve  handle;  (4)  both  straight  air  and  automatic  operation  without 
interference  with  or  sacrificing  any  of  the  normal  functions  of  either; 
(s)  a  "straight-air-in-emergency"  feature  through  the  brake  valve 
to  brake  cyKnder,  thus  insuring  a  maximum  and  maintained  brake 
pressure  at  the  time  most  needed,  regardless  of  the  condition  of  the 
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triple  vatve;  (6)  especially  adapted  to  ears  used  in  smtching  service 
or  for  occa^onally    . 
handling  freight  of 
k  other  cars  equipped 

^  brakes;     (7)     bolh 

brakes     must    fail 
before  the  brake  is 

Electropnea- 
matic  Brake   Sys- 
tem. (Fig.  26.)  The 
elect  ropneumatic 
i    equipment  consists 
J     of  a  quick  action, 
s     quick       le-charge, 

quick  service  grad-    ! 
"^    uated  release  auto- 

f     with  about  30  per    ' 

^     cent,   higher    pres- 
sure in  emergency 
c     application,      com- 
I     b  i  n  e  d   with  elec- 
.£■    trically    controlled 
!>    means  of  simutta- 
^     neously    admitting 
M     air   directly    to   cff 
^     releasing  it  directly   j 
„     from      the      brake 
S     cylinders     without   | 
I     any   movement    of 
g     the    triple    valves. 
a    Means    have    also 
I     been  provided 
J     whereby   a    simul- 
^    taneous  movement  ' 
y     of  the  triple  valves 
"     of     the     train     to 
^'     emergency  position  1 
lE     is  obtained  by  the 
use  of  electricity.     ] 
For    the    opera-   1 
2  tion   of  the  elec- 

rtrical  portion  of  this   ! 
system  the  current   ' 
^  may  be  taken  from 

j  trolley   or   from   a 

^  battery    or    other 

f  source    of     supply 

local   to  each  car. 
The  contacts  in  the  electric  portion  of  the  brake  valve  are  small 
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controller  points  or  switches,  controlling  the  circuits  to  magnets 
governing    the  service   application   and  release  and   emergency 
portion  of  the  brakes.    With  the  pneumatic  portion  of  the  brake 
m  normal  or  running  position,  the  electric  control  of  the  brakes 
is  accomplished  by  the  aid  of  two  magnets  with  poppet  valves 
attached,  governing  the  flow  of  air  into  and  out  of  the  brake  cylinder 
direct  or  through  the  release    port   of  the  triple  valve,  accord- 
ing to  the  conditions  of  installation.    The  release  magnet  may  be 
designed  so  that  the  release  port  is  open  only  when  the  magnet  is 
energized,  or  so  that  current  is  required  in  order  to  close  the  release 
magnet.     Which  method  is  to  be  preferred  can  only  be  determined 
by  a  study  of  the  operating  conditions.    In  either  case,  whUe 
running  over  the  road  the  exhaust  magnet  is  holding  the  release 
valve  open  so  that  the  brake  cylinder  is  in  direct  communication 
with  the  atmosphere.    In  making  a  service  application  of  the  brakes 
the  exhaust  valve  is  closed  and  the  appUcation  magnet  is  energized 
to  open  the  application  valve.    The  flow  of  air  from  the  source  of 
supply  to  the  brake  cylinder  is  controlled  primarily  by  a  relay  valve, 
which,  in  turn,  is  caused  to  operate  by  the  action  of  the  application 
magnet  valve.    This  does  away  with  the  necessity  for  the  very 
powerful  magnet  which  would  be  required  to  operate  a  large  enough 
valve  to  supply  air  to  the  larger  sizes  of  brake  cylinders  at  a  suffi- 
ciently rapid  rate  to  give  satisfactory  service  operation.    The  relay 
valve  referred  to  is  acted  upon  by  a  spring  so  that  when  the  brake 
cylinder  pressure  has  been  built  up  to  within  20  lb.  of  that  in  the 
aiudliary  reservoir  it  automatically  closes.    This  valve,  therefore, 
limits  the  pressure  obtainable  in  electric  service  application  to 
approximately    20   lb.   below  the   normal    brake   pipe  pressure, 
thereby  incurring  the  valuable  feature  of  increased  braking  power 
in  emergency  applications  over  and  above  that  obtainable  in  full 
semce  applications  and  this  without  the  aid  of  any  additional 
device,  such  as  a  safety  valve.     After  being  raised  to  any  amount  up 
to  the  maximum  contemplated  in  the  design,  the  brake  cylinder 
pressure  can  be  maintained  as  long  as  desired  by  moving  the  brake 
valve  handle  back  to  electric  lap  position,  which  leaves  the  release 
Djagnet   imdisturbed   but   de-energizes   the   application   magnet, 
allowing  it  to  close  and  prevent  further  flow  of  air  into  the  brake 
cylinder.    A  further  application  of  the  brake  or  a  release  can  then  be 
made  by  moving  the  brake  valve  handle  either  to  electric  applica- 
tion or  to  release  position,  which  either  causes  more  air  to  flow  to 
the  brake  cylinder,  as  described  above,  or  operates  the  release  mag- 
net valve  so  as  to  permit  the  air  in  the  brake  cylinder  to  escape  to 
the  atmosphere.     If,  when  making  a  release,  the  brake  valve  handle 
IS  returned  from  release  to  electric  lap  position,  the  release  magnet 
Jjill  again  be  actuated  so  as  to  close  the  brake  cylinder  exhaust.    In 
this  way  the  brakes  can  be  gradually  released  in  any  desired  number 
^t  steps  or  graduations.     During  the  electric  operation  of  the  brake, 
tne  feed  port  of  the  brake  valve  is  open  and  the  communication 
2^tween  feed  valve  and  brake  valve  is  maintained.     Consequently, 
tne  air  which  is  drawn  from  the  auxiliary  reservoir  for  use  in  the 
prake  cylinders  is  continuously  replaced  from  the  brake  pipe,  which 
IS  in  turn  kept  fidly  re-charged  through  the  feed  valve.    Should  the 
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motorman  continue  the  movement  of  the  brake  valve  handle 
beyond  electric  application  position,  the  brakes  will  continue  to 
apply  up  to  their  predetermined  maximum  pressure  until  the  handle 
is  moved  so  far  that  a  pneumatic  application  is  begim.  That  is  to 
say,  the  motorman  cannot  go  beyond  the  point  at  which  an  electric 
application  will  cease  to  be  made  until  after  he  has  come  into  a 
position  in  which  a  pneumatic  application  is  commenced.  There  is 
thus  no  possibility  of  a  motorman  failing  to  obtain  an  application  of 
the  brakes  or  losing  an  application  already  obtained  electrically  on 
account  of  moving  the  brake  valve  handle  too  far. 

Electric  Emergency  Applications.  The  quick  action  and  emer- 
gency electropneumatic  operation  is  accomplished  by  adding  an 
emergency  contact  finger  to  the  brake  valve,  an  emergency  wire 
running  throughout  the  train  and  an  emergency  magnet  with  its 
valve  controlling  a  port  leading  from  the  face  of  the  triple  valve 
piston  direct  to  the  atmosphere.  In  order  that  an  emergency  appli- 
cation originating  from  the  trip  or  conductor's  valve,  burst  hose, 
etc.,  may  be  propagated  electrically  as  well  as  when  an  emergency 
application  is  made  by  the  motorman  moving  the  brake  valve 
handle,  each  brake-pipe  vent  valve  is  provided  with  contacts 
whereby  the  operation  of  any  vent  valve  m  the  train  will  energize 
the  emergency  magnets  in  the  same  manner  as  when  the  brake 
valve  handle  is  moved  to  emergency  position. 

Mr.  M.  V.  Turner,  Electric  Journal,  191 1,  gave  the  followin| 
list  of  advantageous  features  which  the  electropneumatic  brake 
adds  to  the  highest  type  pneumatic  system  and  which  are  impos- 
sible of  attainment  otherwise:  Simultaneous  and  uniform  response 
of  all  the  brakes  in  the  train,  which  means  the  ability  to  obtain 
perfect  results  with  the  least  skill  and  experience,  regardless  of 
the  length  of  the  train;  doable  protection  against  delays  to  traffic, 
due  to  brake  failure,  since  the  pneumatic  brake  is  always  in  re- 
serve ready  for  use,  if  required;  maximum  efficiency  and  safety 
due  to  simultaneous  operation  of  all  the  brakes  in  the  train,  in  both 
service  and  emergency  application,  and  a  perfect  flexibility  of 
manipulation;  economy  in  air  consumption  and  maintenance  of 
brake  cylinder  pressure  at  will. 

Air  Brake  System  for  Low  Floor  Car.  Fig.  27  shows  the  general 
layout  of  the  Westinghouse  brake  equipment  which  has  been 
installed  on  the  New  York  low  floor  cars.  The  use  of  the 
emergency  feature,  combined  with  the  ordinary  straight  air  o[>era- 
tion  for  service  applications,  permits  full  braking  power  to  be  ob- 
tained practically  instantaneously  in  three  different  ways,  namely: 
(i)  when  the  motorman  places  the  handle  of  the  brake  valve  in 
emergency  position,  (2)  through  the  accidental  release  of  the  button 
on  the  controller  handle  by  the  motorman,  and  (3)  if  the  conductor 
operates  a  valve  located  overhead  within  convenient  reach.  The 
equipment  also  provides  for  two-car  train  operation,  and  in  the 
event  of  two  cars  separating  accidentally,  the  brakes  on  both  vehi- 
cles are  applied  instantaneously  without  the  necessity  of  any  ma- 
nipulation on  the  part  of  either  the  motorman  or  conductor.  The 
compressor  which  supplies  air  for  the  car  is  located  in  one  comer  of 
the  cab  below  the  motorman's  seat.    From  the  compressor  the  air 
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passes  to  the  main  reservoirs,  which  are  made  up  of  four  i6-ft. 
lengths  of  sH-in,  light-weight  steel  boiler  tubing  running  through 
the  openings  in  the  pressed-steel  roof  car  lines.  With  the  exception 
of  the  pipes  that  lead  down  to  the  brake  cylinders,  brake  valves, 
etc.,  all  of  the  piping  is  located  in  the  6-in.  space  between  the  ceiling 
and  the  roof,  hence  when  once  installed  properly  it  is  free  from  the 
accidental  derangement  that  frequently  occurs  when  cars  get  off  the 
track.  The  of>eration  of  the  compressor  is  controlled  by  a  governor 
such  as  is  supplied  with  the  straight  air  brake  equipments.  The 
governor  is  set  to  cut  in  at  about  58  lb.  and  out  at  72  lb.  The  con- 
struction of  the  car  necessitated  the  use  of  a  brake  cylinder  at  each 
end  (see  p.  495),  and  in  order  to  provide  for  the  quickest  practicable 
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Fig.  27. — Air  brake  piping  for  low  floor  car. 

building  up  of  brake  cylinder  pressure  in  emergency  application  a 
separate  emergency  valve  is  used  for  each  of  the  two  brake  cylinders. 
Two  pipes  lead  from  these  emergency  valves,  which,  Uke  the  reser- 
vdrs,  are  located  in  the  space  between  the  ceiling  and  the  roof,  to  the 
brake  valve  in  either  cab.  This  brake  valve  is  of  the  straight  air 
^ype,  with  an  emergency  position  for  the  handle,  and  by  its  manipu- 
lation the  emergency  valve  connected  with  it  can  be  operated  either 
ui  sbgle-  or  two-car  train  service.  In  each  cab  there  is  attached  to 
the  main  reservoir  pipe  a  dead  man's  valve  that  is  controlled  by 
the  button  on  the  handle  of  the  master  controller.  If  the  button  is 
released  when  the  controller  is  in  one  of  the  running  positions,  the 
dead  man's  valve  opens,  reduces  the  pressure  in  the  train-line  pipe 
shown  in  the  accompanying  diagram  and  causes  the  emergency 
valves  to  let  full  air  pressure  into  the  brake  cylinders. 

Magnetic  Brake.  A  form  of  magnetic  brake  in  which  are  em- 
bodied both  a  track  and  wheel  brake  is  shown  by  Fig.  28.  A  track 
brake-shoe  is  placed  between  the  two  pairs  of  wheels  and  is  drawn 
to  the  rails  by  an  electromagnet  which  is  suspended  from  the  car, 
thereby  not  merely  adding  its  friction  to  the  friction  of  the  wheel 
brake,  but  also  actually  increasing  the  rail  pressure  of  the  wheels  to 
the  extent  that  the  supporting  springs  for  the  track  shoes  and  mag- 
J^cts  are  in  tension  through  the  descent  of  the  track  shoes  to  the 
™s.  The  electromagnet  a,  dividing  the  track  brake-shoe  b  into 
two  parts,  is  secured  by  pins  to  the  two  push  rods  c,  and  suspended 
Tk*  P^^P^  distance  above  the  rails  by  the  adjustable  springs  h. 
The  push  rods  are  secured  by  pins  to  the  lower  ends  of  the  brake 
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levers  d,  which  are  connected  at  their  upper  ends  by  the  adjustable 
rod  g  and  are  pivoted  at  an  intermediate  point  to  the  brake-shoe 
holders  e,  carrying  the  wheel  brake-shoes,  and  the  hanger-links  /, 
suspended  from  the  truck  frame.  The  push  rods  c  are  telescopic, 
so  that  a  movement  of  the  track  shoe  toward  the  right,  relative  to 
the  truck  frame,  causes  the  wheel  brake-shoe  at  the  right  to  be  ap- 
plied to  the  wheel  and  the  connection  £  to  be  moved  to  the  lefl, 
thereby  applying  the  wheel  brake-shoe  at  the  left,  the  stop  i  prevent- 
ing the  lower  end  of  the  brake  lever  at  the  left  from  following  the 
track  brake-shoe.  A  relative  movement  of  the  track  brake-shoe 
to  the  left  is  accompanied  by  application  of  the  wheel  brake-shoo 


Fig.  3B. — Magnetic  brake. 


through  corresponding  movement  of  the  parts  in  the  reverse  oidei. 
The  brake-controlling  device  may  be  incorporated  in  the  runniil 
controller  or  may  be  a  separate  device,  placed  by  its  side  and  open- 
tively  interlocked  with  it,  so  that  neither  can  be  caused  to  inter- 
fere with  the  operation  of  the  other.  In  the  operation  of  the  npf- 
ratus,  the  current  is  supplied  by  the  motorsrunningiDtnuItipKli 
generators — the  trolley  current  tieing  entirely  cut  off — andisdividrf 
between  the  electromagnets  and  the  diverter  combination  in  sod 
ratio  as  to  cause  the  track  brake-shoes  to  be  drawn  upon  the  raili 
with  a  force  proportionate  to  the  braking  requirements.  The  frjc- 
tional  resistance  of  the  rails  to  the  motion  of  the  track  shoes  causa 
the  wheel  brakes  to  be  applied  with  corresponding  force,  Thus,U 
the  ordinary  retardation  of  the  wheel  brakes  is  added  that  of  tb 
track  brake  and  also  the  back  torque  of  the  motors,  which  latlef 
however,  is  practically  limited  to  compensation  for  the  roUti'< 
energy  of  the  motor  and  car  wheels.  The  force  of  applicatiM 
depends  primarily  upon  the  current  and  upon  the  dectromaguM 
operating  the  brake-shoes.  The  attractive  force  of  the  rails  up<* 
the  magnets  is  under  the  control  of  the  motorman  up  to  a  limit  a 
about  150  lb.  per  square  inch  of  brake-shoe  surface  in  contad 
with  the  rails.  The  strength  of  the  magnet  is  limited  by  the  set 
tional  area  of  the  rail  acting  as  armature,  and  where  the  weight «: 
the  car  makes  a  magnet  of  greater  strength  desirable,  the  track  sbotj 
is  divided  into  three  parts,  instead  of  two,  and  wound  to  torn  • 
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three-pole  magnet,  or  two  combined  two-pole  electromagnets  with 
one  common  pole.  The  friction  of  the  track  brake-shoe  may  also 
be  adjusted  to  some  extent  through  the  angular  inclination  of  the 
push  rods  c,  by  which  some  of  the  weight  of  the  car  may  be  thrown 
upon  the  track  shoes,  the  levers  d  being  correspondingly  adjusted 
to  reduce  the  wheel  brake-shoe  pressure  in  proportion  as  the  weight 
is  transferred  to  the  track  shoe.  The  current  declines  with  the 
speed  during  a  stop,  thereby  offsetting  the  increased  coefficient  of 
friction  at  the  lower  speeds.  In  bad  weather,  when  the  condition  of 
the  rails  is  likely  to  be  accompanied  by  wheel-sliding,  the  braking 
force  operating  the  wheel  brake  is  correspondingly  reduced,  so  that 
the  force  of  application  of  the  wheel  brake  is  automatically  propor- 
tioned to  the  rail  friction  which  rotates  the  wheels.  But,  in  addi- 
tion to  this'  valuable  feature,  if  by  chance  the  wheels  should  slide 
rn  the  rails,  the  interruption  of  wheel  rotation  is  accompanied  by 
cessation  of  the  track-magnet  current,  through  which  the 
pressure  of  the  brake-shoes  upon  the  wheel  is  instantly  relaxed  and 
rotation  of  the  wheels  is  resumed,  without  injury  or  serious  loss  of 
time. 

Brakmg  by  RegeneratiQii.  The  process  of  saving  energy  of  a 
moving  train  that  would  otherwise  be  consumed  in  heating  the 
brake-shoes  and  car  wheels  is  discussed  under  "Regeneration" 
(seepage  213).  In  furnishing  this  energy  of  regeneration  the  speed 
of  the  train  is  reduced  without  wear  and  tear  and  excessive  heating 
<rf  brake  rigging,  brake-shoes  and  car  wheels.  The  possibility  of 
accident  from  these  sources  is  thus  reduced,  and  on  long  moimtain 
gRides  the  saifety  of  operation  due  to  the  braking  feature  of 
ittgeneration  may  be  of  more  importance  than  the  saving  of 
*Dergy.  The  application  of  air  brakes  during  the  process  of 
regeneration  may  reduce  or  destroy  the  regeneration  and  its  braking 
action  and  might  bring  an  excessive  load  on  the  brakes  by  causing  the 
motors  to  take  current  from  the  Une. 

Braking  by  Reversing  Motors.  A  retarding  force  may  be  applied 
to  the  train  by  reversing  the  motors  and  applying  current  to  them 
through  a  portion  of  the  starting  resistance.  This  method  should 
be  used  only  in  an  emergency,  as  it  strains  the  car  equipment,  and 
if  the  direction  of  rotation  of  the  wheels  is  reversed  the  braking  ac- 
tion will  be  of  low  efficiency  because  of  the  low  value  of  coefficient 
of  friction  between  the  slipping  wheels  and  rails. 

Braktng  by  Bucking  Motors.  If  two  series  motors  whose  arma- 
tures are  revolving  but  to  which  no  current  is  supplied  from  an 
external  source  have  their  connections  suddenly  reversed  and  then 
placed  in  parallel,  they  will  tend  to  operate  as  series  generators;  the 
one  of  higher  potential  will  continue  to  act  as  a  generator  and  drive 
current  through  the  other  which  will  consequently  act  as  a  motor. 
This  action  will  retard  the  motion  of  the  armatures.  The 
ateps  necessary  to  make  use  of  this  action  in  retarding  the  motion 
of  a  car  are:  Open  circuit  breaker,  throw  reverse  lever  to  the  posi- 
tion correspon(Ung  to  motion  opposite  to  that  of  the  car  and  move 
controller  handle  to  a  parallel  notch.  On  a  four-motor  car,  where 
pairs  of  motors  are  permanently  connected  in  parallel,  the  last  step 
noted  is  unnecessary.    It  should  be  noted  that  if  the  current  supply 
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to  a  car  ceases  as  the  car  is  ascending  a  grade  and  it  is  desired  to  use 
this  method  of  braking  to  keep  the  car  from  backing  down  the  grade, 
the  reverse  lever  should  be  left  in  the  position  corresponding  to  the 
forward  motion  of  the  car  up  the  grade.  This  method  of  braking 
should  be  used  only  in  emergency. 

Brake  Inspection  (A.E.R.E.A.  Approved  Practice).  Start  the 
air  pump  and  allow  it  to  pump  to  its  maximum  capacity;  see  that 
brake  valve  handle  is  in  release  position,  and  where  automatic  air 
is  used  see  that  gage  hands  show  a  difference  between  train  line  and 
auxiliary  of  20  lb.  If  they  do  not,  the  governors  need  to  be  reset 
Apply  brake  to  show  reduction  of  40  lb.;  place  brake  valve  handle 
to  lap  position;  see  that  air  gage  operates  properly  and  that 
no  leaks  are  in  or  around  the  brake  valves  or  pipes  leading 
thereto;  examine  all  pipes,  reservoirs,  triple  valves,  cylinders,  etc, 
while  brake  is  set,  and  see  that  none  are  leaking  and  that  brake  does 
not  release  while  the  brake  valve  handle  is  in  lap  position.  If  the 
cylinder  piston  has  a  travel  of  more  than  5  in.  an  adjustment  ol 
brakes  is  necessary.  Inspect  all  shoes  and  see  that  they  are  in  alioe- 
ment  with  the  wheel  and  that  none  are  broken,  and  renew  those  that 
will  not  give  sufficient  wear  until  the  next  inspection.  In  renewing 
brake-shoes  put  shoes  of  the  same  thickness  on  opposite  wheek,  be 
they  either  old  or  new.  See  that  all  brake-shoe  keys  are  in  place 
and  that  none  are  lost  or  broken;  examine  shoe  heads  and  see  that 
none  are  lost  or  broken,  and  that  all  pins,  bolts,  etc.,  that  hold  heads 
to  the  beam  or  truck  levers  are  not  unduly  worn;  that  all  bdts, 
cotter  pins,  nuts,  etc.,  are  in  good  condition.  Examine  brake 
beams  and  see  that  none  are  cracked,  broken  or  bent,  and  that  all 
bolts,  pins  and  holes  are  not  unduly  worn,  and  that  all  cotter  pins 
and  nuts  are  in  place.  Examine  all  hangers  and  pins  connecting 
brake-shoe  head  and  beam  to  truck  and  see  that  all  are  in  good 
condition,  and  that  none  of  the  pins  and  hangers  are  unduly  worn  so 
as  to  cause  brakes  to  grab  or  chatter;  special  attention  must  be 
paid  to  all  cotter  pins  in  all  parts  of  the  brake  rigging.  Examine  all 
turn-buckles  and  see  that  none  of  the  threads  are  stripped  and  that 
all  adjusting  and  jam  nuts  are  tight  and  in  their  proper  places 
Adjust  brakes  so  that  cylinder  piston  will  not  travel  more  than  4 
or  5  in.  When  brake  is  in  release,  see  that  none  of  the  shoes  bind 
the  wheels,  that  release  springs  operate  properly  so  that  brakes  wiH 
be  free  when  released.  Examine  all  pull  rods  for  cracks  or  flaws,  aB 
pins  in  pull  rods,  levers  and  slides;  set  hand  brake  and  see  that  it  £ 
m  good  condition;  see  that  brake  staff  and  chain  are  not  undul) 
worn;  that  rod,  pins,  etc.,  are  in  good  condition.  Where  slad 
adjuster  is  used,  see  that  it  is  placed  to  its  minimum  of  trave 
before  any  adjustment  of>brakes;  see  that  it  is  operating  prop* 
erly  and  that  it  has  not  traveled  to  a  maximum  position,  leavinl 
the  correct  piston  travel.     Drain  all  reservoirs  daily. 

Maintenance  of  Motoiman's  Valve.  The  seats  of  the  rotary  or 
motorman's  brake  valve  are  subject  to  the  collection  of  dirt  largelf 
because  of  the  passage  across  them  of  air  which  is  more  or  less  laden 
with  dust.  When  this  collection  causes  the  valve  to  work  hard  or 
the  valve  seat  becomes  badly  scored,  the  attempt  to  grind  the  sur- 
faces with  emery  should  not  be  made.     Grinding  with   emerj 
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generally  causes  leaks  between  the  ports  and  an  attempt  to  grind  out 
cuts  or  scores  will  usually  make  the  valve  worse.  Wnen  the  condi- 
tion of  the  valve  becomes  so  bad  that  the  valve  cannot  be  kept  in 
service  it  should  be  machined  and  scraped  by  hand  to  a  perfectly 
flat  siu-face,  using  a  face  plate  to  locate  the  high  spots. 

Inspection  of  Air  Compressors.  The  frequency  of  inspection 
necessary  for  an  air  compressor  depends  upon  the  service  required 
jot  the  compressor.  The  dutie3  of  air  compressors  on  city  and 
Interurban  cars  vary  greatly.  For  instance,  a  car  may  be  equipped 
•with  air  doors,  electropneumatic  control  and  air  brakes.  The 
^average  number  of  stops  of  a  car  of  this  character  in  city  service 
»aiay  be  every  1500  ft.  A  compressor  under  these  conditions 
'would  necessarily  have  to  be  overhauled  much  more  than  one  which 
makes  stops  2  or  3  miles  apart,  has  no  air  doors  or  electro- 
leumatic  control.  The  A.E.R.E.A.  1908  Committee  on  Main- 
nance  and  Inspection  recommended  that  the  inspection  period 
r  compressors  m  the  former  class  of  service  be  600  miles  and 
t  for  the  latter  class  be  1200  miles.  In  the  above  report  it  was 
immended  that  air  compressors  be  inspected  as  fpUows:  Oil 
ug  should  be  removed  and  oil  added  to  replace  what  has  been  lost 
service  each  inspection  day.  Carbon  brushes  removed  and 
cted  each  inspection  day.  Brush-holder  tension  inspected 
h  inspection  day.  Brush  holder  wiped  off  each  inspection  day. 
id  of  commutator  wiped  off  each  inspection  day.  Hair  should  be 
n  out  of  hair  strainer  and  strainer  washed  in  gasoline  every  thir- 
h  inspection  day.  Valves  should  be  taken  out  and  cleaned  in 
^  oline  each  thirtieth  inspection  day.  Exterior  of  pump  should  be 
iped  off  each  inspection  day.  Compressors  should  be  thoroughly 
lown  out  with  compressed  air  each  tenth  inspection  day. 

tAir  Compressor  Tests.  The  following  tests  of  the  air  compressor 
ter  inspection  were  recommended  in  the  same  report :  With  all  air 
servoirs  empty  and  brake  valve  on  release  position,  start  air 
Compressor  and  note  length  of  time  taken  in  pumping  up,  and  pres- 
sure at  cutting-out  point.  A  test  for  leakage  should  then  be  made, 
pCaving  apparatus  in  same  condition  as  above,  and  noting  number 
|>f  pounds  drop  jn  i  minute. 

»  Lubricatioii  of  Air  Compressor.  (A.E.R.E.  A.  Approved  Practice.) 
'Air  compressors  should  be  lubricated  weekly.  Before  removing 
Wugs,  wipe  all  dirt  and  surplus  oil  from  around  the  openings,  then 
tenove  plugs  and  do  not  fill  to  an  extent  to  overflow,  thereby  allow- 
ing the  oil  to  collect  with  the  dust  and  dirt  around  the  pump  frame 
tnd  case.  See  that  the  plug  threads  are  in  good  condition  and  oil- 
I  tight  when  closed. 

I    Overlumliag    Air  Compressor.    The  A.E.R.E.A.    1908   Com- 
'nuttee  on  Maintenance  and  Inspection  expressed  the  oelief  that 
L  with  a  compressor  designed  for  suflSdent  capacity  for  the  service  it 
r*8  to  perform  an  overhauling  for  the  former  class  of  service  outlined 
*bove  (Inspection  of  Mr  Compressors)   should  be  made  every 
60,000  miles,  and  for  the  latter  class  of  service  every  120,000  miles. 
The  overhauling  suggested  is  as  follows  (A.E.R.E.A.   Miscella- 
neous Approved  Methods  and  Practices) :     Compressor  should  be 
taken  from  under  the  car  and  placed  on  a  bench,  where  armature 
33 
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should  be  removed,  oil  drained  from  crank  case  and  all  bearings 
outside  of  crank  case,  and  bearings  thoroughly  washed  out  witk 
gasoline.  Crank  shaft  and  connecting  rods  should  have  slad 
taken  up  on  them  or  bearings  re-babbitted  or  relined  with  brome 
bearings,  as  the  case  may  be,  if  wear  is  excessive.  Head  should  be 
taken  from  the  compressor,  ports  scra|>ed  out,  hair  removed  from 
hair  strainer  and  washed  in  gasoline,  and  valve  and  valve  seat 
should  be  re-ground.  Armatxure  should  be  blown  out,  cleaned  up 
and  breakdown  test  applied.  Also  commutator  trued  up.  Mia 
retaining  rings  should  be  painted  with  insulating  paint.  Armatuie 
painted  with  a  coat  of  oil-proof  insulating  paint.  Brush  holders 
should  be  cleaned  in  gasoline  and  overhauled,  replacing  worn  tips 
and  shunts  that  have  broken  strands.  Field  coils  should  be  taken 
out  and  insulation  carefully  looked  over,  and  replaced  if  necessary. 
Inside  of  the  motor  shell  should  be  carefully  cleaned  with  gasoline 
to  get  oil  and  dirt  out  of  shell.  The  impregnation  of  pump  field 
coils  is  recommended  as  tending  to  eliminate  field  troubles  and 
greatly  prolong  the  life  of  the  fields.  The  piston  should  be  removed 
from  pump,  and  rings  removed  from  groove  and  carefully  cleaned; 
also,  groove  should  be  carefully  scraped  out.  Springs  from  pistoa 
rings  should  be  tested  to  make  sure  that  they  have  not  lost  their 
tension.  If,  when  pump  is  re-assembled  and  started  to  work  under 
pressure  for  5  minutes,  it  be  then  disconnected  and  allowed  to 
run  free  and  oil  is  discharged  from  the  outlet,  it  is  an  indicatiai 
that  the  rings  are  not  tight  enough  in  the  cylinder,  and  springs  fii 
greater  tension  should  be  put  in  the  rings.  The  insulators  placed 
between  compressors  and  air  piping  on  car  should  be  taken  from  the 
car  and  cleaned  and  given  a  breakdown  test  of  1000  volts.  The  oil 
which  was  removed  from  the  compressor  when  it  was  removed  for 
inspection  should  be  run  through  a  filter  and  returned  to  compressor, 
enough  oil  being  added  to  take  the  place  of  the  dirt,  etc.,  which  it 
contained  when  removed.  In  this  connection  care  shoidd.  be  takes 
to  ,'use  an  oil  which  does  not  contain  asphalt  or  which  carbonizes 
when  the  pump  is  given  hard  usage. 

Storage  Air  Brake  System.  In  the  storage  air  brake  system  the 
service  reservoir  is  supplied  with  air  from  storage  reservoirs  (gen- 
erally two)  carried  on  the  car.  These  storage  reservoirs  are  charged 
with  air  at  high  pressure  from  compressor  stations  along  the  line. 
The  air  is  passed  through  a  pressure-reducing  valve  between  the  car 
storage  reservoir  and  the  service  reservoir,  and  thus  its  pressure 
is  reduced  to  a  valve  proper  for  service  in  the  braking  system. 

Whether  or  not  the  storage  system  should  be  used  rather  thaa 
the  individual  car  compressor  for  a  given  service  must  be  decided 
from  local  conditions.  The  storage  system  may  in  somie  cases  he 
cheaper  than  the  individual  car  compressor  system,  but  the  manjT 
advantages  in  having  the  car  self  contained,  as  by  the  use  of  the  in^ 
dividual  car  compressor,  make  the  use  of  the  latter  system  most 
general.  Moreover,  air-operated  auxiliaries  demand  air  in  additidL 
to  that  for  the  brakes  and  such  demands  will,  in  most  cases,  make 
the  employment  of  the  storage  system  impracticable. 

Size  of  Air  Compressor  Required  for  a  Given  Service  (A.E.R. 
E.A.  Approved  Practice).    An  air  compressor  should  be  of  a  size 
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such  that  it  will  not  be  required  to  operate  more  than  one-third  the 
time.  In  connection  with  the  above,  due  consideration  should  be 
given  the  air  requirements  of  air-operated  doors,  sanders  and  other 
auxiliary  equipment. 

Air  Compressor  for  Operation  on  600  and  1200  Volts.  If  the 
compressor  motor  is  wolmd  and  insulated  for  operation  on  1200 
volts,  it  will  operate  more  slowly  on  600  volts,  and  to  furnish  the 
same  quantity  of  air  it  will  therefore  be  required  to  run  longer  on 
600  volts  than  on  1200  volts.  For  this  reason  a  compressor 
selected  for  a  given  service  on  the  two  voltages  should  be  of  such  a 
size  that  it  will  not  be  overworked  on  600  volts. 
^  Dynamotor-compressor  for  000-1200  or  760-1600-volt  Opera- 
tion. (See  Fig.  29,  also  p.  573 .)  In  the  dynamotor-compressor,  the 
compressor  is  driven  by  the  dynamotor  through  a  pneumatically 
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Pio.  29. — Connections  for  dynamotor  and  change-over  switch. 

operated  multiple-disk  clutch  controlled  by  the  pump  governor.  This 
arrangement  obviates  the  necessity  of  a  separate  motor  to  drive  the 
compressor.  When  the  air-pressure  governor,  set  for  some  predeter- 
Bained  pressure,  acts,  it  opens  a  valve  admitting  air  to  cylinder 
adjacent  to  the  clutch.  A  piston  in  this  cylinder  operates  against  a 
heavy  spring  in  such  a  way  as  to  disengage  the  clutch.  When  the 
tank  pressure  reaches  a  minimum  value,  the  air  in  the  cylinder  is 
automatically  released  by  the  governor,  the  spring  closes  the  clutch 
and  the  compressor  starts.  The  dynamotor  armature  has  two 
separate  windings  on  the  same  core,  each  connected  to  a  commuta- 
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tor.  Each  annature  winding  is  in  series  with  half  the  series  field 
and  these  armatures  and  fields  are  in  series  with  each  other  on  1200 
or  1500  volts,  thus  giving  a  half  voltage  tap  at  a  point  between 
the  two  field  windings.  A  shunt  field  winding  is  connected  across 
the  low  voltage  armature  to  maintain  the  speed  approximately 
constant.  The  speed  on  600  or  750  volts  is  approximately  the  same 
as  on  1200  or  1500  volts,  respectively,  thereby  maintaining  the  air 
compressor  capacity  on  the  lower  voltage.  A  change-over  switch 
for  changing  the  dynamotor  connections  from  those  for  1500  to  those 
for  750  volts  (or  from  1 200  to  600  volts)  trolley  or  third  rail  potential 
simultaneously  changes  the  lighting  and  control  circuit  connections 
from  the  dynamotor  terminals  to  the  trolley  or  third  rail.  This 
change-over  switch  is  pneumatically  operated  and  is  controlled  by 
a  canopy  switch  located  in  the  cab.  It  consists  of  a  single  magnet 
valve  and  a  pneumatic  cylinder  similar  to  those  used  on  Westing- 
house  switch  groups.  It  carries  a  double  pair  of  contacts  which 
establish  the  proper  dynamotor  and  auxiliary  circuit  connections. 
Normally,  this  switch  is  held  in  the  high  voltage  position  by  a 
powerful  spring.  But,  when  desired,  it  can  be  held  in  a  low  voltage 
position  by  the  admission  of  air  to  the  pneumatic  cylinder.  In 
case  of  a  failure  of  either  air  or  electric  power  the  switch  automatic- 
ally returns  to  the  high  voltage  position  which  is  safe  at  either 
voltage. 

Air  Used  and  Electrical  Energy  Required  to  Drive  CompresBor. 
The  data  in  the  following  table  were  taken  from  the  Report  of  the 
Electric  Railway  Test  "Commission,  1906,  and  were  based  on  tests 
made  by  the  Commission  on  cars  in  operation  in  St.  Loms. 
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Average  number  of  stops  per  mile — 

Schedule  speed  of  car,  miles  per  hour 

Maximum  speed  of  car  (approxi- 
mate), miles  per  hour 

Average  volume  of  free  air  used, 
cubic  feet  per  car  per  stop. 

Average  volume  of  free  air  used, 
cubic  feet  per  ton  per  stop. 

Electrical  energy  for  compressing  air, 
watt-hour  per  car  per  stop. 

Electrical  energy  for  compressing  air, 
watt-hour  per  ton  per  stop. 


5.9 
9. 12 

17. 5 
1.43 
0.064 
8.2s 
0.367 


4.1 

9.5 

16.0 

1.68 

0.076 

6.74 
0.306 


4-5 

9.3 

16.0 

I. SI 
0.067 
5.86 
0.261 


General  Characteristics  of  a  Good  Air  Compressor.  An  air 
compressor  should  be  reliable,  of  light  weight  and  compact  con- 
struction, should  be  protected  from  dirt  and  water,  should  be  so 
constructed  as  to  be  easily  inspected,  lubricated,  overhauled  and 
repaired,  should  run  with  the  least  possible  amount  of  noise  and 
vibration,  should  have  high  efficiency  of  operation  and  should  have 
a  low  cost  of  maintenance. 

General  Types  of  Air  Compressors.  The  independent  motor- 
driven  air  compressor  most  commonly  used  for  electric  railway  ser- 
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vice  may  be  considered  to  be  of  two  general  parts,  namely,  the  motor 
and  the  compressor.  If  the  motor  and  compressor  are  geared 
together,  the  machine  is  known  as  the  geared  typ>e  compressor.  If 
the  motor  shaft  is  direct  connected  to  the  compressor  connecting 
rod,  the  machine  is  known  as  the  gearless  type  compressor.  Be- 
cause of  the  absence  of  reduction  gearing  a  gearless  type  air  com- 
pressor differs  mainly  from  the  gear  type  of  the  same  capacity  in 
that  the  piston  speed  (revolutions  per  unit  time)  of  the  former  is 
greater  tnan  that  of  the  latter,  consequently  the  piston  displace- 
ment of  the  former  is  the  less.  Compared  with  a  gear  type  air 
compressor  of  the  same  capacity,  a  gearless  type  compressor  weighs 
about  one-half,  occupies  about  one-half  the  space  and  has  a  very 
low  overall  height.  The  stresses  in  the  gearless  type  are  much 
lower,  the  maximum  transverse  thrust  on  the  crank  being  only 
about  one-fifth  as  much  as  that  in  the  geared  t3rpe. 

Improvements  to  Prolong  the  Life  of  Air  Apparatus.  The  fol- 
lowing important  points  are  from  an  address  by  Mr.  W.  G.  Kaylor, 
Keystone  Railway  Club:  In  the  latest  form  of  air  strainer  oil  is  used 
to  absorb  the  dirt  taken  in  with  the  air.  The  air  on  its  way  to  the 
pump  does  not  pass  through  the  oil,  but  is  broken  up  by  perfora- 
tions or  ba£Qe  plates  which  direct  the  incoming  air  toward  the  oil. 
The  dirt  is  then  entrained  by  the  adhesiveness  of  the  oil  and  settles 
to  the  bottom  of  the  strainer,  while  the  clean  air  passes  on  to  the 
pump.  Compared  with  the  curled-hair  strainer,  its  efl&ciency  is  as 
9^  per  cent,  to  50  per  cent.,  and  for  this  reason  it  can  be  attached 
directly  to  the  head  of  the  compressor,  so  obviating  the  necessity  of 
piping  the  suction  to  the  roof.  The  crank-case  vent,  through  which 
dirt  is  also  liable  to  enter,  is  now  either  fitted  with  a  separate  strainer 
or  is  connected  to*  the  suction  by  a  pipe  or  cored  passage.  The 
proper  protection  of  the  intake  and  crank-case  vent  would  make  it 
possible  to  operate  a  compressor  in  normal  service  for  10  years  or 
more  before  bushing  the  cylinders  or  renewing  the  bearings.  Dete- 
rioration due  to  corrosion,  oxidation,  etc.,  could  be  postponed  indefi- 
nitdy  by  enameling  the  reservoir  both  inside  and  out.  To  guard 
against  explosions  from  excessive  pressure,  aU  reservoirs  shoidd  be 
protected  by  a  safety  valve  set  at  10  lb.  above  the  maximum  work- 
ing pressure.  The  safety  valve,  in  turn,  should  be  inspected  regu- 
larly to  prevent  it  from  freezing  shut  on  account  of  corrosion. 
When  ordering  motorman's  brake  valves  the  purchaser  should 
specify  types  which  are  provided  with  renewable  bushings.  As  to 
brake  cylinders,  the  best  grade  leather  should  be  used  for  packing, 
the  expander  ring  should  have  a  flat  surface  which  distributes  its 
pressure  over  a  greater  area  than  the  ordinary  round  expander  ring, 
and  the  lubricant  should  be  a  compound  which  will  fill  the  pores  of 
the  leather  to  make  it  absolutely  air-tight. 

Brake-shoe  Wear.  Concerning  brake-shoe  wear,  the  19 10  Com- 
nuttee  on  Brake-shoe  Tests,  M.C.B.A.,  recommended  that  on  the 
cast-iron  wheel  the  shoe  wear  be  determined  by  making  100  ap- 
phcations  of  the  shoe  to  the  wheel,  under  a  pressure  of  2808  lb., 
and  at  a  constant  wheel  speed  of  20  miles  per  hour,  at  each  appUca- 
Uon  the  shoe  to  be  in  contact  with  the  wheel  during  190  revolutions 
and  out  of  contact  during  the  succeeding  610  revolutions.    That, 
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levees  d,  which  are  connected  at  their  upper  ends  by  the  adjustable 
rod  g  and  are  pivoted  at  an  intermediate  point  to  the  brake-shoe 
holders  e,  carrying  the  wheel  biake-shoes,  and  the  hanget-links  /, 
suspended  from  the  truck  frame.  The  push  rods  c  are  telescopic, 
so  that  a  movement  of  the  track  shoe  toward  the  right,  relative  to 
the  truck  frame,  causes  the  wheel  brake-shoe  at  the  right  to  be  ap- 
plied to  the  wheel  and  the  connection  f  to  be  moved  to  the  left, 
thereby  applying  the  wheel  brake-shoe  at  the  left,  the  stop  i  prevent- 
ing the  lower  end  of  the  brake  lever  at  the  left  from  following  the 
track  brake-shoe.  A  relative  movement  of  the  track  brake-shoe 
to  the  left  is  accompanied  by  application  of  the  wheel  brake-shoes 
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through  corresponding  movement  of  the  parts  in  the  reverse  order. 
The  brake- controlling  device  may  be  incorporated  in  the  running 
controller  or  may  be  a  separate  device,  placed  by  its  side  and  opera- 
tively  interlocked  with  it,  so  that  neither  can  be  caused  to  inter- 
fere with  the  operation  of  the  other.  In  the  operation  of  the  appa- 
ratus, the  current  is  supplied  by  the  motors  running  in  multiple  a* 
Esnerators — the  trolley  current  being  entirely  cut  off — and  is  divided 
etween  the  electromagnets  and  the  diverter  combination  in  sudi 
ratio  as  to  cause  the  track  brake-shoes  to  be  drawn  upon  the  rails 
with  a  force  proportionate  to  the  braking  requirements.  The  inc- 
tional  resistance  of  the  rails  to  the  motion  of  the  track  shoes  causes 
the  wheel  brakes  to  be  appUed  with  corresponding  force.  Thus,  to 
the  ordinary  retardation  of  the  wheel  brakes  is  added  that  of  the 
track  brake  and  also  the  back  torque  of  the  motors,  which  latter, 
however,  is  practically  limited  to  compensation  for  the  rotative 
energy  of  the  motor  and  car  wheels.  The  force  of  application 
depends  primarily  upon  the  current  and  upon  the  electromagnets 
operating  the  brake-shoes.  The  attractive  force  of  the  rails  upoa 
the  magnets  is  under  the  control  of  the  motorman  up  to  a  limit  of 
about  150  lb.  per  square  inch  of  brake-shoe  surface  in  contact 
with  the  rails.  The  strength  of  the  magnet  is  limited  by  the  sec- 
tional area  of  the  rail  acting  as  armature,  and  where  the  weight  of 
the  car  makes  a  magnet  of  greater  strength  desirable,  the  track  shoe 
b  divided  into  three  parts,  instead  of  two,  and  wound  to  form  a 
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three-pole  magnet,  or  two  combined  two-p>ole  electromagnets  with 
one  common  pole.  The  friction  of  the  track  brake-shoe  may  also 
be  adjusted  to  some  extent  through  the  angular  inclination  of  the 
push  rods  c,  by  which  some  of  the  weight  of  the  car  may  be  thrown 
upon  the  track  shoes,  the  levers  d  being  correspondingly  adjusted 
to  reduce  the  wheel  brake-shoe  pressure  in  proportion  as  the  weight 
is  transferred  to  the  track  shoe.  The  current  declines  with  the 
speed  during  a  stop,  thereby  offsetting  the  increased  coefficient  of 
Eriction  at  the  lower  speeds.  In  bad  weather,  when  the  condition  of 
the  rails  is  likely  to  be  accompanied  by  wheel-sliding,  the  braking 
force  operating  the  wheel  brake  is  correspondingly  reduced,  so  that 
the  force  of  application  of  the  wheel  brake  is  automatically  propor- 
tioned to  the  rail  friction  which  rotates  the  wheels.  But,  in  addi- 
tion to  this'  valuable  feature,  if  by  chance  the  wheels  should  slide 
upon  the  rails,  the  interruption  of  wheel  rotation  is  accompanied  by 
tie  cessation  of  the  track-magnet  current,  through  which  the 
pressmre  of  the  brake-shoes  upon  the  wheel  is  instantly  relaxed  and 
rotation  of  the  wheels  is  resumed,  without  injury  or  serious  loss  of 
time. 

BrEddng  by  Regeneration.  The  process  of  saving  energy  of  a 
moving  train  that  would  otherwise  be  consumed  in  heating  the 
brake-shoes  and  car  wheels  is  discussed  under  "Regeneration" 
(see  page  213).  In  furnishing  this  energy  of  regeneration  the  speed 
of  the  train  is  reduced  without  wear  and  tear  and  excessive  heating 
oi  brake  rigging,  brake-shoes  and  car  wheels.  The  possibiUty  of 
acddent  from  these  sources  is  thus  reduced,  and  on  long  mountain 
grades  the  safety  of  operation  due  to  the  braking  feature  of 
regeneration  may  be  of  more  importance  than  the  saving  of 
^ergy.  The  application  of  air  brakes  during  the  process  of 
regeneration  may  reduce  or  destroy  the  regeneration  and  its  braking 
action  and  might  bring  an  excessive  load  on  the  brakes  by  causing  the 
motors  to  take  current  from  the  Une. 

Braking  by  Reversing  Motors.  A  retarding  force  may  be  applied 
to  the  train  by  reversing  the  motors  and  applying  current  to  them 
through  a  portion  of  the  starting  resistance.  This  method  should 
be  vsed  only  in  an  emergency,  as  it  strains  the  car  equipment,  and 
if  the  direction  of  rotation  of  the  wheels  is  reversed  the  braking  ac- 
tion will  be  of  low  efficiency  because  of  the  low  value  of  coefficient 
rf  friction  between  the  slipping  wheels  and  rails. 

Braking  by  Bucking  Motors.  If  two  series  motors  whose  arma- 
t^ires  are  revolving  but  to  which  no  current  is  supplied  from  an 
external  source  have  their  connections  suddenly  reversed  and  then 
placed  in  parallel,  they  will  tend  to  operate  as  series  generators;  the 
>ne  of  higher  potential  will  continue  to  act  as  a  generator  and  drive 
Mirent  through  the  other  which  will  consequently  act  as  a  motor, 
aUs  action  will  retard  the  motion  of  the  armatures.  The 
steps  necessary  to  make  use  of  this  action  in  retarding  the  motion 
of  a  car  are:  Open  circuit  breaker,  throw  reverse  lever  to  the  posi- 
tion correspon<Ung  to  motion  opposite  to  that  of  the  car  and  move 
controller  handle  to  a  parallel  notch.  On  a  four-motor  car,  where 
pairs  of  motors  are  permanently  connected  in  parallel,  the  last  step 
noted  is  unnecessary.    It  should  be  noted  that  if  the  current  supply 
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to  a  car  ceases  as  the  car  is  ascending  a  grade  and  it  is  desired  to  use 
this  method  of  braking  to  keep  the  car  from  backing  down  the  grade, 
the  reverse  lever  should  be  left  in  the  position  corresponding  to  the 
forward  motion  of  the  car  up  the  grade.  This  method  of  braking 
should  be  used  only  in  emergency. 

Brake  Inspection  (A.E.R.E.A.  Approved  Practice).  Start  the 
air  pump  and  allow  it  to  pump  to  its  maximum  capacity;  see  that 
brake  valve  handle  is  in  release  position,  and  where  automatic  air 
is  used  see  that  gage  hands  show  a  difference  between  train  line  and 
auxiliary  of  20  lb.  If  they  do  not,  the  governors  need  to  be  reset 
Apply  brake  to  show  reduction  of  40  lb.;  place  brake  valve  handle 
to  lap  position;  see  that  air  gage  operates  properly  and  that 
no  leaks  are  in  or  around  the  brake  valves  or  pipes  leading 
thereto;  examine  all  pipes,  reservoirs,  triple  valves,  cylinders,  etc, 
while  brake  is  set,  and  see  that  none  are  leaking  and  that  brake  does 
not  release  while  the  brake  valve  handle  is  in  lap  position.  If  the 
cylinder  piston  has  a  travel  of  more  than  5  in.  an  adjustment  d 
brakes  is  necessary.  Inspect  all  shoes  and  see  that  they  are  in  aline- 
ment  with  the  wheel  and  that  none  are  broken,  and  renew  those  that 
will  not  give  sufficient  wear  until  the  next  inspection.  In  renewing 
brake-shoes  put  shoes  of  the  same  thickness  on  opposite  wheels,  be 
they  either  old  or  new.  See  that  all  brake-shoe  keys  are  in  place 
and  that  none  are  lost  or  broken;  examine  shoe  heads  and  see  that 
none  are  lost  or  broken,  and  that  all  pins,  bolts,  etc.,  that  hold  heads 
to  the  beam  or  truck  levers  are  not  unduly  worn;  that  all  bobs, 
cotter  pins,  nuts,  etc.,  are  in  good  condition.  Examine  brake 
beams  and  see  that  none  are  cracked,  broken  or  bent,  and  that  aA 
bolts,  pins  and  holes  are  not  unduly  worn,  and  that  all  cotter  pins 
and  nuts  are  in  place.  Examine  all  hangers  and  pins  connecting 
brake-shoe  head  and  beam  to  truck  and  see  that  all  are  in  good 
condition,  and  that  none  of  the  pins  and  hangers  are  unduly  worn  so 
as  to  cause  brakes  to  grab  or  chatter;  special  attention  must  be 
paid  to  all  cotter  pins  in  all  parts  of  the  brake  rigging.  Examine  all 
turn-buckles  and  see  that  none  of  the  threads  are  stripped  and  that 
all  adjusting  and  jam  nuts  are  tight  and  in  their  proper  places. 
Adjust  brakes  so  that  cyUnder  piston  will  not  travel  more  than  4 
or  5  in.  When  brake  is  in  release,  see  that  none  of  the  shoes  bind 
the  wheels,  that  release  springs  operate  properly  so  that  brakes  wifl 
be  free  when  released.  Examine  all  pull  rods  for  cracks  or  flaws,  aU 
pins  in  pull  rods,  levers  and  sUdes;  set  hand  brake  and  see  that  it  is 
m  good  condition;  see  that  brake  staff  and  chain  are  not  unduly 
worn;  that  rod,  pins,  etc.,  are  in  good  condition.  Where  slack 
adjuster  is  used,  see  that  it  is  placed  to  its  minimum  of  travel 
before  any  adjustment  of^brakes;  see  that  it  is  operating  prop- 
erly and  that  it  has  not  traveled  to  a  maximum  position,  leaving 
the  correct  piston  travel.    Drain  all  reservoirs  daily. 

Maintenance  of  Motonnan's  Valve.  The  seats  of  the  rotary  or 
motorman's  brake  valve  are  subject  to  the  collection  of  dirt  largely 
because  of  the  passage  across  them  of  air  which  is  more  or  less  laden 
with  dust.  When  this  collection  causes  the  valve  to  work  hard  or 
the  valve  seat  becomes  badly  scored,  the  attempt  to  grind  the  sur- 
faces with  emery  should  not  be  made.     Grinding  with   emery 
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generally  causes  leaks  between  the  ports  and  an  attempt  to  grind  out 
cuts  or  scores  will  usually  make  the  valve  worse.  When  the  condi- 
tion of  the  valve  becomes  so  bad  that  the  valve  cannot  be  kept  in 
service  it  should  be  machined  and  scraped  by  hand  to  a  perfectly 
flat  surface,  using  a  face  plate  to  locate  the  high  spots. 

Inspection  of  Air  Compressors.  The  frequency  of  inspection 
necessary  for  an  air  compressor  depends  upon  the  service  required 
of  the  compressor.  The  duties  of  air  compressors  on  city  and 
interurban  cars  vary  greatly.  For  instance,  a  car  may  be  equipped 
with  air  doors,  electropneumatic  control  and  air  brakes.  The 
average  number  of  stops  of  a  car  of  this  character  in  city  service 
may  be  every  1500  ft.  A  compressor  under  these  conditions 
would  necessarily  have  to  be  overhauled  much  more  than  one  which 
makes  stops  2  or  3  miles  apart,  has  no  air  doors  or  electro- 
pneumatic  control.  The  A.E.R.E.A.  1908  Committee  on  Main- 
tenance and  Inspection  recommended  that  the  inspection  period 
for  compressors  in  the  former  class  of  service  be  600  miles  and 
that  for  the  latter  class  be  1200  miles.  In  the  above  report  it  was 
recommended  that  air  compressors  be  inspected  as  follows:  Oil 
plug  should  be  removed  and  oil  added  to  replace  what  has  been  lost 
in  service  each  inspection  day.  Carbon  brushes  removed  and 
inspected  each  inspection  day.  Brush-holder  tension  inspected 
each  inspection  day.  Brush  holder  wiped  off  each  inspection  day. 
End  of  commutator  wiped  off  each  inspection  day.  Hair  should  be 
taken  out  of  hair  strainer  and  strainer  washed  in  gasoline  every  thir- 
tieth inspection  day.  Valves  should  be  taken  out  and  cleaned  in 
gasoline  each  thirtieth  inspection  day.  Exterior  of  pump  should  be 
wiped  off  each  inspection  day.  Compressors  should  be  thoroughly 
blown  out  with  compressed  air  each  tenth  inspection  day. 

Air  Compressor  Tests.  The  following  tests  of  the  air  compressor 
after  inspection  were  recommended  in  the  same  report :  With  all  air 
reservoirs  empty  and  brake  valve  on  release  position,  start  air 
compressor  and  note  length  of  time  taken  in  pumping  up,  and  pres- 
siure  at  cutting-out  point.  A  test  for  leakage  should  then  be  made, 
leaving  apparatus  in  same  condition  as  above,  and  noting  number 
of  pounds  drop  jn  i  minute. 

Lubrication  of  Air  Compressor.  (A.E.R.E.A.  Approved  Practice.) 
Air  compressors  should  be  lubricated  weekly.  Before  removing 
plugs,  wipe  all  dirt  and  surplus  oil  from  around  the  openings,  then 
remove  plugs  and  do  not  fill  to  an  extent  to  overflow,  thereby  allow- 
ing the  oil  to  collect  with  the  dust  and  dirt  around  the  pump  frame 
and  case.  See  that  the  plug  threads  are  in  good  condition  and  oil- 
tight  when  dosed. 

Overhauling  Air  Compressor.  The  A.E.R.E.A.  1908  Com- 
mittee on  Maintenance  and  Inspection  expressed  the  belief  that 
with  a  compressor  designed  for  sufl&cient  capacity  for  the  service  it 
is  to  perform  an  overhauling  for  the  former  class  of  service  outlined 
above  (Inspection  of  Air  Compressors)  should  be  made  every 
60,000  miles,  and  for  the  latter  class  of  service  every  1 20,000  miles. 
The  overhauling  suggested  is  as  follows  (A.E.R.E.A.  Miscella- 
neous Approved  Methods  and  Practices) :  Compressor  should  be 
taken  from  under  the  car  and  placed  on  a  bench,  where  armature 
33 
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should  be  removed,  oil  drained  from  crank  case  and  all  bearings 
outside  of  crank  case,  and  bearings  thoroughly  washed  out  with 
gasoline.  Crank  shaft  and  connecting  rods  should  have  slack 
taken  up  on  them  or  bearings  re-babbitted  or  relined  with  bronze 
bearings,  as  the  case  may  be,  if  wear  is  excessive.  Head  should  be 
taken  from  the  compressor,  ports  scraped  out,  hair  removed  from 
hair  strainer  and  washed  in  gasoline,  and  valve  and  valve  seat 
should  be  re-ground.  Armature  should  be  blown  out,  cleaned  up 
and  breakdown  test  appUed.  Also  commutator  trued  up.  Mica 
retaining  rings  should  be  painted  with  insulating  paint.  Armature 
painted  with  a  coat  of  oil-proof  insulating  paint.  Brush  holders 
should  be  cleaned  in  gasoline  and  overhauled,  replacing  worn  tips 
and  shunts  that  have  broken  strands.  Field  coils  should  be  taken 
out  and  insulation  carefully  looked  over,  and  replaced  if  necessary. 
Inside  of  the  motor  shell  should  be  carefully  cleaned  with  gasoline 
to  get  oil  and  dirt  out  of  shell.  The  impregnation  of  pump  field 
coils  is  recommended  as  tending  to  eliminate  field  troubles  and 
greatly  prolong  the  life  of  the  fields.  The  piston  should  be  removed 
from  pump,  and  rings  removed  from  groove  and  carefully  cleaned; 
also,  groove  should  be  carefully  scraped  out.  Springs  from  piston 
rings  should  be  tested  to  make  sure  that  they  have  not  lost  their 
tension.  If,  when  pump  is  re-assembled  and  started  to  work  under 
pressure  for  5  minutes,  it  be  then  disconnected  and  allowed  to 
run  free  and  oil  is  discharged  from  the  outlet,  it  is  an  indicatiQii 
that  the  rings  are  not  tight  enough  in  the  cylinder,  and  springs  ol 
greater  tension  should  be  put  in  the  rings.  The  insulators  placed 
between  compressors  and  air  piping  on  car  should  be  taken  from  the 
car  and  cleaned  and  given  a  breakdown  test  of  1000  volts.  The  oil 
which  was  removed  from  the  compressor  when  it  was  removed  for 
inspection  should  be  run  through  a  filter  and  returned  to  compressor, 
enough  oil  being  added  to  take  the  olace  of  the  dirt,  etc.,  which  it 
contained  when  removed.  In  this  connection  care  should  be  taken 
to  ,'use  an  oil  which  does  not  contain  asphalt  or  which  carbonizes 
when  the  pump  is  given  hard  usage. 

Storage  Air  Brake  System.  In  the  storage  air  brake  system  the 
service  reservoir  is  supplied  with  air  from  storage  reservoirs  (gen- 
erally two)  carried  on  the  car.  These  storage  reservoirs  are  charged 
with  air  at  high  pressure  from  compressor  stations  along  the  line. 
The  air  is  passed  through  a  pressure-reducing  valve  between  the  car 
storage  reservoir  and  the  service  reservoir,  and  thus  its  pressure 
is  reduced  to  a  valve  proper  for  service  in  the  braking  system. 

Whether  or  not  the  storage  system  should  be  used  rather  than 
the  individual  car  compressor  for  a  given  service  must  be  decidfid 
from  local  conditions.  The  storage  system  may  in  some  cases  be 
cheaper  than  the  individual  car  compressor  system,  but  the  many 
advantages  in  having  the  car  self  contained,  as  by  the  use  of  the  in- 
dividual car  compressor,  make  the  use  of  the  latter  system  m.ost 
general.  Moreover,  air-operated  auxiliaries  demand  air  in  addition 
to  that  for  the  brakes  and  such  demands  will,  in  most  cases,  make 
the  employment  of  the  storage  system  impracticable. 

Size  of  Air  Compressor  Required  for  a  Given  Service  (A.K.R. 
E.A.  Approved  Practice).    An  air  compressor  should  be  of  a  size 
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such  that  it  will  not  be  required  to  operate  more  than  one-third  the 
time.  In  connection  with  the  above,  due  consideration  should  be 
given  the  air  requirements  of  air-operated  doors,  sanders  and  other 
auxiliary  equipment. 

Air  Compressor  for  Operation  on  600  and  1200  Volts.  If  the 
compressor  motor  is  wolmd  and  insulated  for  operation  on  1200 
volts,  it  will  operate  more  slowly  on  600  volts,  and  to  furnish  the 
same  quantity  of  air  it  will  therefore  be  required  to  run  longer  on 
600  volts  than  on  1200  volts.  For  this  reason  a  compressor 
selected  for  a  given  service  on  the  two  voltages  should  be  of  such  a 
size  that  it  wiU  not  be  overworked  on  600  volts. 

Dynamotor-compressor  for  600-1200  or  760-1600-volt  Opera- 
tion. (See  Fig.  29,  also  p.  $ys  •)  I^^  the  dynamotor-compressor,  the 
compressor  is  driven  by  the  dynamotor  through  a  pneumatically 

Trolley  Wire 


Canopy 
Switch 


Pneumatic  Change-over  Switch. 

Upper  Position 

srCOO  or  750  Volts 

Lower  Position 
=1200  or  1600  Volts 


Besistanc 
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Field 


Control 


Ground 


1 


O  round 


Ground 


Spring 
•Air  Cylinder 


m/M///yM//////A 


^ 

g|r  Air  Supply^' 


Fig.  29. — Connections  for  dynamotor  and  change-over  switch. 

Operated  multiple-disk  clutch  controlled  by  the  pump  governor.  This 
arrangement  obviates  the  necessity  of  a  separate  motor  to  drive  the 
compressor.  When  the  air-pressure  governor,  set  for  some  predeter- 
mined pressure,  acts,  it  opens  a  valve  admitting  air  to  cylinder 
adjacent  to  the  clutch.  A  piston  in  this  cylinder  operates  against  a 
heavy  spring  in  such  a  way  as  to  disengage  the  clutch.  When  the 
tank  pressure  reaches  a  minimum  value,  the  air  in  the  cylinder  is 
automatically  released  by  the  governor,  the  spring  closes  the  clutch 
and  the  compressor  starts.  The  dynamotor  armature  has  two 
separate  wincfings  on  the  same  core,  each  connected  to  a  commuta- 
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SECTION  IX 

ROLLING  STOCK 

Car  Weigjhts  as  Affecting  Operating  Costs.  For  several  years 
there  has  been  a  tendency  toward  a  rational  design  of  cars  so  as  to 
reduce  the  weight  as  much  as  possible  consistent  with  safety, 
economical  maintenance  and  life  of  equipment.  As  a  part  of  the 
report  of  the  1909  Committee  on  Equipment,  A.E.R.E.A.,  Mr. 
M.  V.  Ayres  presented  a  paper  on  this  subject,  in  which  he  analyzed 
the  following  items  of  expense  which  may  increase  with  an  increase 
of  car  weights;  namely,  cost  of  power,  cost  of  car  repairs,  cost  of 
track  repairs,  fixed  charges  of  power  plant,  and  fixed  charges  of 
distribution  system.  In  all  of  these  cases  the  cost  may  be  shown  in 
the  form  of  a  formula,  with  a  constant  plus  another  quantity  almost 
directly  proportional  to  ,the  weight  of  car.  Mr.  Ayres  proposes 
the  following  formulas: 

P  =  cost  of  power,  in  cents  per  car  mile 
p  =  cost  of  power,  in  cents  per  kilowatt  hour 
n  =  efficiency  of  transmission,  power  house  to  car 
Op  and  hp  »  constants  dependent  upon  frequency  of  stops   and 
schedule  speed 
W  =  weight  of  car,  in  tons 

P  =  ha^  +  hpW). 

n 

For  ordinary  frequent  stop  service  when  the  schedule  speed  is 
forced  up  to  about  the  highest  point  permitted  by  frequency  of 
stops,  Mr.  Ayres  gives  0.5  and  0.075  3^  t^^c  proper  values  for  ap 
ana  ftp,  respectively,  although,  for  ordinary  dty  conditions,  he  states 
that  the  value  of  Op  may  become  as  low  as  0.28. 

He  also  gives  the  formula:  R  =  0.46  +  0.07  W  as  representing 
the  cost  of  car  repairs,  in  cents  per  car  mile,  as  representing  average 
of  data  on  the  cost  of  repairs  on  a  large  number  of  large  systems. 

For  the  cost  of  track  repairs,  although  a  certain  part  of  the  cost 
would  be  incurred  irrespective  of  use,  the  other  proportion  is  evi- 
dently about  proportional  to  ton  mileage,  and  he  gives  the  cost  of 
track  repairs,  in  cents  per  car  mile,  as  T  =  0.43  +  0.026!^.  Here 
again  the  relative  values  of  the  two  constants  will  depend  upon  the 
proportion  of  natural  deterioration  to  wear,  but  those  given  are 
believed  to  be  fair  average  values. 

Fixed  charges  on  power  plant  may  be  taken  as  some  proportional 
part  of  the  cost  of  power,  and,  expressed  in  cents  per  car  mile,  the 
fixed  charges  on  power  plant  will  then  be  C  =  kP. 

On  any  railway  system  a  certain  minimum  investment  in  poles, 
trolley  wire  and  feeders  is  required,  and  in  addition,  an  investment 
nearly  proportional  to  the  power  demand.  In  cents  per  car  mile, 
the  fix«i  charges  on  a  distribution  system  will  be  F  =  a/  +  ft/IF. 
The  values  assigned  to  a/  and  6/  will  vary  enormously  with  differ- 
ent characters  of  road,  being  much  greater  for  the  interurban  than 
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for  the  city  system.     Mr.  Ajnres  gives  the  following  as  a  fair  average 
for  an  interurban  road:  F  =  0.32  +  0.02W, 

Total  Costs  Affected  by  Car  Weights.  Summing  up  the  above 
items  and  making  the  following  assumptions: 

p  =  $o.oi  =  cost  of  power  per  kilowatt  hour 
^  =    0-7S  =  efl&ciency  of  transmission,  power  house  to  car 
k  ==    o .  50  =  constant  connecting  fixed  charges  on  power  plant 

with  cost  of  power 

we  have  as  the  total  cost  of  operation  as  affected  by  car  weight,  in 
cents  per  car  mile,  M  =  2.21  -f  0.267PF. 

The  application  of  Mr.  Ayres'  fcHTnula  thus  gives  for  the  five 
items  of  operating  costs  considered,  a  cost  of  4.88  cents  per  car 
mile  for  the  operation  of  a  lo-ton  car,  the  curve  rising  to  15.56 
cents  per  car  mile  for  a  50-ton  car. 

Succeeding  A.E.R.E.A.  committees  have  given  careful  consid- 
eration to  details  of  the  reduction  in  weight  of  car  bodies,  car 
body  accessories,  power  brakes,  trucks,  and  motive  power  equip- 
ment, and  at  the  present  time  this  important  item  has  every  consid- 
eration in  rolling  stock  design,  although  care  should  be  taken  to  re- 
member the  differences  in  operating  conditions.  A  subway  or  ele- 
vated car  cannot  be  so  light  per  running  foot  as  a  surface  city  car  on 
account  of  its  higher  speeds  and  rates  of  acceleration  and  retardation. 
It  is  also  operated  in  trains,  which  makes  it  necessary  to  provide  for 
buffing  shocks  and  heavy  draft  rigging  stresses.  In  the  case  d 
the  interurban  car,  weight  reduction  must  not  be  permitted  to 
go  so  far  as  in  dty  cars,  as  the  interurban  car  is  often  operated  over 
rough  track  at  high  speeds,  which  necessitates  enough  ysreight  to 
insure  steady  riding;  the  car  may  be  used  to  pull  trailers,  in  wiiich 
case  ballasting  weight  is  necessary;  the  energy  consumption  of  an 
interurban  car  operated  at  relatively  infrequent  intervals  is  not  so 
important  as  on  city  lines  where  hundreds  of  cars  may  be  carrying 
excess  weight;  and  there  is  the  further  desirability  of  massive 
construction  from  the  standpoint  of  safety. 

Decreased  Weight  of  Single-ended  Cars.  The  A.E.R.E.A. 
1910  Committee  on  Equipment  called  attention  to  the  large  sav- 
ing in  weight  which  can  be  made  by  the  use  of  single-ended  cars, 
as  follows,  as  applying  to  double-truck  car  of  the  semi-convertible 
type. 

Weight  eliminated  by  making  car  single-ended : 

Step  risers,  hangers  and  brackets 306  lb. 

Reversing  mechanism  for  seats 108  lb. 

Brake  rigging 332  lb. 

Fender  and  hangers 125  lb. 

Doors,  door  pockets  and  operating  mechanism 548  lb. 

Sand  box  and  mechanism 40  lb. 

Brake  valve 2 1  lb. 

Air-brake  piping 100  lb. 

Trolley  equipment 140  lb.       , 

Electric  equipment,  wiring,  etc 292  lb. 

Headlight 35  lb. 

Switch  cabinet 75  lb. 

Life  guards 130  lb. 

Snow  scrapers 225  lb. 

Total  saving  in  weight 2477  lb. 
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While  the  equipment  advantages  of  single-end  cars  are  ad- 
mitted, many  operators  hesitate  to  adopt  a  design  which  cannot 
readily  be  turned  back  in  case  of  blockades,  which  call  for  either  Y's 
or  loops  at  the  end  of  routes,  and  which  is  much  harder  to  handle 
quickly  in  case  of  car  house  fires. 

Comparison  of  Car  Weights  by  Seating  Capacity.  As  it  is  cus- 
tomary to  compare  car  weights  on  the  basis  of  seating  capacity, 
the  A.E.R.E.A.  191 1  Committee  on  Equipment  proposes  the 
following  general  values  for  seat  dimensions:  Width  of  seat  at  hip 
line,  17  in.;  height  of  seat,  17  in.;  height  of  back,  17  in.;  distance 
between  centers  of  transverse  seats,  30  in.  It  was  suggested  that 
the  dimensions  given  be  used  in  determining  the  seating  capacity 
of  car  spaces  not  provided  with  seats,  such  as  baggage  compart- 
ments and  also  in  determining  the  seating  capacity  of  longitudinal 
seats.  The  custom  of  comparing  cars  on  the  weight  per  seat  basis 
is  quite  apt  to  be  misleading  on  account  of  variations  in  arrange- 
ment and  size  of  seats,  whether  the  car  is  single  or  double  ended, 
whether  drop  platform  or  side  entrance,  etc.  It  is  particularly 
weak  when  applied  to  interurban  cars  where  space  must  be  pro- 
vided for  baggage  and  express.  Taking  these  things  into  con- 
sideration, the  weight  per  square  foot  including  platform  space, 
or  the  weight  per  running  foot,  should  prove  more  satisfactory. 

Economical  Size  of  Car.  On  the  basis  of  single-car  equipment, 
it  is  perhaps  obvious  that  the  car  of  the  largest  capacity  which 
can  be  run  and  kept  economically  loaded,  maintaining  the  proper 
frequency  of  cars,  will  give  the  least  cost  per  seat  or  passenger- 
mile.  If  multiple  vmit  or  trailer  operation  is  used,  the  fixed  charges 
on  a  large  train  may  be  very  greatly  cut  down,  as  smaller  equipments 
can  be  used  to  much  better  advantage. 

Typical  City  Cars.  Figs,  i  to  16,  inclusive,  illustrate  the  floor 
plan  and  seating  arrangement  of  cars  as  standard  with  sixteen 
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Fig.  I. — New  York  Railways — 47  Seats.    Typical  city  car,  end  entrance. 

companies  operating  large  surface  systems.  Most  of  these  cars  are 
(A  tne  prepayment  type,  and  the  principal  dimensions  and 
characteristics  of  their  equipment  are  shown  in  the  tables  on 
pages  531  to  533. 

It  is  becoming  evident  that  the  ideal  car  for  quick  passenger 
movement  is  the  drop  platform  type  with  rear  entrance  and  front 
exit.  Studies  which  have  been  made  of  the  center-entrance  cars 
show  that  they  are  somewhat  slower  in  loading  on  account  of  oppos- 
ing streams  of  traffic  using  the  same  opening  for  extrance  and  exit. 

Low  Floor  Car.  The  19 14  stepless  type  of  car  as  used  by  the 
Third  Avenue  Railway,  New  York,  is  a  most  sensible,  low  floor 
car,  making  use  of  a  standard  car  body  and  obtaining  the  low 
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Public  Service — 42  Seats 


Washington — 33  Seats 


Cincinnati — 33  Seats 
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Pittsburgh— 56  Seats 


Philadelphia — S3  Seats 
Figs.  9-6, — Typical  city  cars,  end  entrance. 
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Baltimore — 42  Seats 
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Detroit — 48  Seats 
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MiIwaukee-^52  Seats 
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Third  Avenue — 51  Seats 


St.  Louis — 46  Seats 
Pigs.  7— ri. — Typical  city  cars,  end  entrance. 
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Chicago  Railways — 40  Seats 
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Capital  Traction — 36  Seats 
Figs.  12-16. — Typical  city  cars,  end  entrance. 
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level  of  end  platforms  and  car  floor  by  the  use  of  a  low  standard 
truck  with  24-in.  wheels  as  shown  on  page  416,  motors  as  men- 
tioned on  page  241,  and  air  braking  system  as  described  on  pages 
495  and  508.  This  car  body  is  23  ft.  in  length  over  posts  and  35  ft. 
in  length  over  all,  seats  thirty-seven  passengers  in  the  body  and 
eight  more  on  the  platforms.  It  weighs  24,000  lb.,  or  533  lb.  per 
seated  passenger. 

Types  of  Framing.  In  the  above  sixteen  types  of  cars,  which 
were  described  in  a  report  made  in  191 2  for  the  Brooklyn  Rapid 
Transit  System  by  its  Mechanical  Department,  five  distinct  types 
of  framing  were  found,  as  follows: 

First.  Wooden  framing  with  convex  and  concave  sides,  with  sills 
reinforced  with  steel  plates;  which  type  the  report  states  is  now 
practically  obsolete,  having  been  superseded  by  the  more  exten- 
sive use  of  steel  for  the  principal  members,  a  scientific  applica- 
tion of  pressed  and  commercial  shapes  of  steel  resulting  in  a 
stronger  and  more  durable  frame. 

Second,  '^'he  composite  framing  using  heavy  steel  plates  for  the 
lower  panels,  wood  or  thin  steel  for  the  upper  side  panels,  and  wood 
for  the  posts  and  superstructure.  This  type  of  construction  is 
commendable  on  account  of  the  reduction  in  number  of  framing 
parts.  A  heavy  steel  plate  for  the  lower  outside  panel  of  a  car  is 
very  desirable  from  a  maintenance  standpoint  on  account  of  its 
durability  and  the  resistance  it  offers  against  wagon  collisions  and 
abrasions.  With  this  type  of  construction  a  light  wooden  super- 
structure is  the  most  suitable,  the  upper  side  panel  being  of  poplar, 
agasote  or  thin  steel,  applied  in  sections  so  as  to  facilitate  renewak. 

Third,  A  composite  framing  using  built-up  steel  girder  side 
construction  and  steel  floor  framing  with  wood  or  thin  steel  serving 
as  the  outside  sheathing.  This  is  a  very  good  construction,  but  is 
probably  more  expensive  to  build  and  is  heavier  because  outside 
sheathing  which  cannot  be  counted  on  for  strength  is  necessary  in 
addition  to  the  inside  girder  side  frame. 

Fourth,  Semi-steel  construction  using  thin  steel  sheets  on  the 
outside  of  the  body  up  to  the  window  siU,  steel  floor  members  with 
wood  for  side  posts  and  roof  construction. 

Fifth.  All  steel  body,  including  side  posts  with  thin  sheet  steel 
for  outside  sheathing  and  with  a  steel  body  plate  riveted  to  the 
top  of  the  posts  to  form  a  girder  of  the  side  of  the  car. 

The  fourth  and  fifth  types  mentioned  above  are  similar  except 
that  in  the  latter  the  whole  side  of  the  car  forms  a  girder  to  give 
the  necessary  strength,  while  in  the  former  the  girder  extends  only 
to  the  window  stool.  With  both  of  these  types  it  is  possible  to 
build  a  light  body  and  probably  no  other  method  produces  the 
same  strength  at  a  corresponding  weight.  An  objection  to  this  type 
of  construction  is  that  if  the  thickness  of  steel  is  to  be  governed 
by  the  required  strength  only,  the  material  will  be  so  thin  as  to  be 
dented  easily  by  slight  collisions.  Riveting  also  becomes  difficult 
and  unless  corrosion  can  be  positively  eliminated,  the  life  ol  the 
structure  will  be  comparatively  short.  If  steel  of  proper  thickness 
to  overcome  these  objections  is  used,  the  weight  of  the  car  will  be 
very  greatly  increased. 
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Center  EatranM  Cars.  The  floor  plans  of  four  cars  representa- 
tive of  this  type  are  shown  in  Figs.  17  to  20,  inclusive.  The 
Pittsburgh  car  is  novel  in  the  introduction  of  an  end  door,  in  addition 
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Weight  completely  equipped,  including  couplers. .  38,000  lb. 

Permissible  truck-center-plate  load ao.ooo  lb. 

Truck  center  plate,  height 19  in. 

Weight  of  each  truck  without  motors 4.220  lb. 

Weight  of  each  motor 1,484  lb. 

Seating  capacity 6a 

Weight  Iter  seat 613  lb. 

The  design  of  this  Pittsburgh  light,  low  floor  car  is  based  on  the 
use  of  a  specially  designed  motor  of  the  inside-hung,  spring-sup- 
ported type  which  is  drawn  out  along  the  shaft  and  small  in  di- 
ameter. This  construction  was  necessary  in  order  to  obtain  space 
for  the  material  required  in  a  motor  of  the  desired  capacity,  the 
maximum  allowable  diameter  being  restricted  by  the  small  diameter 
of  24  in.  of  the  driving  wheels. 

The  Articulated  Car.  The  articulated  car,  as  adopted  in  Boston, 
is  shown  in  plan  and  elevation  by  Fig.  21.  This  car  was  spedaJly 
designed  for  the  safe  and  economical  handling  of  traffic  in  narrow 
and  crooked  streets,  and  in  its  assembly  of  existing  rolling  stock 
units  of  small  carrying  capacity  by  means  of  a  central  or  interme- 
diate compartment,  it  utilizes  a  large  present  investment  in  equip- 
ment which  may  be  no  longer  best  suited  to  the  requir^nents. 
The  intermediate  compartment  affords  a  flexible  connection 
between  the  two  ends  and  is  used  for  entrance  and  exit  pur- 
poses only.  The  flexible  connection  enables  the  articulated  unit 
to  traverse  any  curve  which  either  of  the  20-ft.  cars  of  which  it 
is  built  could  negotiate  alone,  and  no  difficidty  is  experienced  in 
operating  the  car  on  curves  of  3S-ft.  radius.  The  middle  com- 
partment is  carried  close  to  the  street,  forming  a  low  entrance  step 
14  in.  above  the  rail. 

Double  Deck  ears  have  always  been  popidar  in  Great  Britain, 
but  not  particularly  so  on  the  continent  of  Europe  where  the 
practice,  so  far  as  this  feature  is  concerned,  is  like  that  in  America. 
Of  late  years,  however,  the  development  in  the  design  of  cars  with 
very  low  floors,  and  also  the  perfection  of  rapid  fare  collection  facili- 
ties, have  together  made  the  double  deck  car  much  more  practicable, 
and  it  is  being  operated  on  some  American  railways.  Within  the 
last  2  years,  cars  of  this  type  have  been  put  in  operation  in  Pitts- 
biurgh  and  in  New  York  City,  and  the  general  arrangement  of 
these  cars  is  as  shown  in  Figs.  22  and  23.  The  seating  capacity  of 
the  Pittsburgh  car  is  fifty-two  on  the  upper  deck  and  sixty  on 
the  lower  deck,  with  a  weight  of  375  lb.  per  seated  passenger. 
The  New  York  car  weighs,  on  the  basis  of  eighty-eight  seated 
passengers,  522  lb.  per  passenger,  but  the  total  standing  and  seat- 
ing capacity  of  this  car  has  been  found  to  reach  the  high  figure  of 
171  passengers,  and  on  this  basis  the  weight  of  each  passenger 
carried,  standing  and  seated,  is  266  lb. 

The  double  deck  car  as  used  in  Columbus,  Ohio,  is  a  dupli- 
cate of  the  one  in  New  York,  and  the  reasons  for  the  selection 
of  this  type  at  Columbus  are  contained  in  the  comparative  table, 
shown  on  page  540,  furnished  by  Mr.  A.  St.  George  Joyce,  which 
compares  the  operating  expenses,  initial  cost  and  carrying  capacity 
of  the  double  deck  cars  with  other  types. 
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Estimate  OP  Cost  and  Efficiency  of  Various  Types 

OF  Operating  Units 


Double 

deck 

car 


Single 

motor 

car 


2  motor 

cars 
equipped 
with  mul- 
tiple-unit 

control 


I  motor 
lead  car 

and 

I  motor 

trailer 


I  motor 
lead  car, 
I  traileTi 
stepless 
convert- 
ible 


Cost    of    equipment 

(est.). 
Depreciation         per 

year,  8  per  cent. 
Interest    on    invest- 
ment per  year.  6 

per  cent. 
Taxes    per    year    at 

$1.50  per  1000. 
Insurance    per   year 

at  $7.50  per  1000. 
Average    yearly   car 

mileage. 
Seated  passengers.. .  . 
Seating  and  standing 

passengers. 
Total  weight  without 

passenger  load,  lb. 

•  Depreciation 

•Interest  on  invest- 
ment. 

•Taxes 

•  Insurance. 

•  Cost  of  energy 

•  Maintenance 

•Wages,  conductors 

and  motormen. 
Total  cost,  cents  per 

train  mile. 
Cents  per  passenger 

capacity  per  train 

mile. 


$6,500 .  00 

$4,902 .  52 

$9,932.98 

$8,773.44 

530.00 

393 . 30 

794.64 

701.87 

390 . 00 

294.15 

595.98 

526.40 

97.50 

73.54 

148.99 

131.60 

48.75 

36.77 

74.50 

65.80 

47.254 

47.254 

47.254 

47,254 

88 

171 

40 
100 

80 
200 

80 
aoo 

46,000 

35.773 

71.546 

68,209 

I.IOO 

0.825 

0.830 
0.622 

1. 681 
1. 261 

1.48s 
1. 114 

0 .  206 
0.103 
1.602 
2.058 

5.227 

O.ISS 
0.078 

1. 144 
1.470 
5.227 

0.315 
0.IS7 
3.288 
2.940 
7.841 

0.278 

0.139 
3.038 

2.940 

7.841 

II. 121 

9.526 

16.483 

15.835 

0.0650 

0.0952 

0.0824 

0.0792 

$7,202.52 
576.20 

432.15 

108.04 
54-02 

47.254 

100 
210 

61,773 

1. 319 
0.914 

0.3St 

0.ZI4 

1.976 
2.940 
7.841 

15.232 

0.0725 


*  Per  train  mile,  cents. 

Selection  of  the  double  deck  car  was  also  influenced  by  these 
economic  features;  Additional  safety  to  passengers  by  elimination 
of  dangers  incident  to  entrance  and  exit;  greater  convenience  in 
entering  and  leaving  car;  improvement  in  working  conditions  of 
motormen  and  conductors;  better  sanitation  through  scientific 
ventilation;  elimination  of  dangers  due  to  premature  starting  of 
cars,  since  they  cannot  start  until  the  doors  have  been  shut;  greater 
facilities  for  passengers  who  desire  to  smoke;  traffic  congestion 
reduced  by  increase  of  almost  100  per  cent,  in  the  carrying  capacity 
per  foot  of  street  occupied;  decreased  maintenance  and  operating 
expenses  in  the  handling  of  passengers. 

Storage  Battery  Cars,  in  the  development  of  the  storage  bat- 
tery car  the  e£fort  has  been  directed  toward  securing  a  large  daily 
mileage  at  a  reasonable  cost  per  mile,  or,  in  other  words,  to  reduce 
the  ampere-hour  input  per  car  mile.  This  has  been  done  by 
decreasing  the  weight  of  the  storage  equipment,  decreasing  the 
weight  of  car  body  and  trucks,  and  by  increasing  the  efficiency  of 
batteries  and  motors,  and  a  mileage  of  from  50  to  100  miles  can  be 
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ucored  in  a  ii-hour  day  without  Fe-chargiDg.  lliere  are  at  pres- 
ent nearty  aoo  storage  battery  cars  in  operation  in  New  V<wt 
City,  this  being  perhaps  70  per  cent,  of  the  total  number  in  opera- 
tion in  tiiis  country.  At  the  present  state  of  development  of  the 
storage  battery  car,  tliis  type  of  car  caimot  be  considered  in  loca- 
tions where  traffic  is  dense,  when  the  service  is  severe  as  regards 
high  schedule  speed,  or  when  long  continuous  grades  are  met.    In 


u 


I 

i 


service  such  as  that  in  New  Yorlc  Qty  where  trolleys  or  otlier 
types  of  self-propelled  cars  cannot  for  one  reason  or  another  be 
used,  such  conditions  are  best  met  by  tiie  storage  battery  car.  The 
cars  rarely  exceed  30  miles  per  hour  free  running  speed  and  in  con- 
•equence  bodies  and  trucks  can  be  built  very  light,  resulting  in  cars 
which  weigh,  complete,  little  if  any  more  per  passenger  seat  than 
"fdinary  trolley  cars.    Fig.  24  shows  a  type  in  service  on  the  New 
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York  Railways,  the  general  dimensions  and  weights  of  which  att 

as  follows: 

Length  over  all 

Height  over  roof 

Width  at  sills 

Greatest  width  at  belt  rails 

Wheel  base  of  single  truck 

Slope  of  ramp  in  floor 6  in.  in 

Diameter  of  wheels 

Height  of  stei)  from  street 

Seating  capacity 34  17-in.  seats. 

Weight  of  car  complete 16,500  lb. 

Weight  of  battery 4,300  lb. 

Weight  of  car  without  battery 12,200  lb. 

As  indicated  in  the  figure,  each  of  the  two  motors  rests  on  the 
bottom  framing  of  the  car  and  under  a  cross  seat.  Its  pinion 
meshes  with  a  gear  on  a  back  gear  shaft  which  drives  the  car  ajde 
by  sprocket  wheel  and  chain. 

General  operating  data  on  the  storage  battery  cars  of  the  Third 
Avenue  Railway,  New  York,  are  given  as  follows: 

Operating  Data  on  Storage  Battery  Cars  of 
THE  Third  Avenue  Railway,  New  York 

Length  of  run,  minimum 5  miles 

Length  of  run,  maximum 10  miles 

Length  of  run,  average 8  miles 

Maximum  grades S  per  cent. 

Average  number  of  miles  per  car  a  day 58 

Number  of  trips  per  day,  minimum 7 

Number  of  trips,  per  day  maximum 18 

Number  of  trips  -per  day,  average 10 

Maximum  speed. 15  m.p.h. 

Schedule  speed,  minimum 6  m.p.h. 

Schedule  speed,  maximum 7.6  m.p.h. 

Average  number  of  stops  per  mile 8 

Average  duration  of  stops 6  seconds. 

Number  and  type  of  cars  operated  (of  one  type) .  121* 

Weight  of  car  complete 14.S00  lb. 

Len^h  of  car 26  ft.  iHin> 

Seating  capacity 26 

Number  of  motors  per  car,  type  and  rating — two 

motors,  rated  30  amp.  at  no  volts. 
Kind  of  battery  and  number  per  car,  s8-cell,  29- 

plate  lead  battery. 

Kw-hr.  per  car  mile  used  at  motors 0 . 5  to  0 . 6 

Kw-hr.  per  car  mile  purchased,  a.c.  energy  at 

6600  volts X  to  1 . 2 

Kw-hr.  per  car  mile  battery  input 0.910 

Amp-hr.  per  car  mile  of  charge S  •  S3  to  6 .  8s 

Amp-hr.  per  car  mile  of  discharge 4.52  to  5.45 

Amp-hr.  efficiency  of  battery 82  per  cent. 

Voltage  efficiency  of  battery 79- 1  per  cent. 

Watt-hour  efficiency  of  battery 64. 8  per  cent. 

Time  required  to  charge  batteries 7  J- S  to  9  hours 

Number  of  miles  obtained  per  charge,  normal. .  85  miles 

Number  of  miles  obtained  per  charge,  maximum  1 19  miles 
Operating  Cost  per  Car  Mile: 

Platform  expenses .  8 .  7S  cents 

Total  repairs  to  cars,  trucks,  electrical  equip- 
ment and  all  shop  and  carhouse  expense.  .  a.ss  cents 

Power 1.2  cents 

Rapid  Transit  Cars.  In  the  design  of  a  car  for  elevated  and 
subway  service  the  conditions  to  be  met  are  considerably  different 
from  those  encountered  by  a  car  on  a  street  railway,  both  as  to  the 

•  Now  160  cars. 


rapid:  TRANSIT  CARS  6- 

miitations''of  size  and  the  difficulties  of  traffic  to  be  handled.  T 
ledgn  will  also  dlSer  from  that  of  the  rolling  stock  of  a  steam 
3ectrified  suburban  line,  in  which  service  a  higher  ratiff  of  ses 
ng  to  passenger  capacity  must  be  given  than  on  the  shorter  r 

p^ 


nj 


aty  high-speed  lines.  On  most  subway  and  elevated  lines  it  b 
™oost  physically  impossible  to  seat  all  rush-hour  passengers 
throughout  the  Uip  even  with  a  maximum  length  of  tram  and  the 
shortest  possible  headway.     Since   the  rapid  tranat  line  cannot 
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supply  seats  to  all  of  the  rush-hour  passengers,  an  arrangement 
must  be  made  which  will  provide  maximum  standing  and  seadng 
room  for  the  heavy  and  light  hours,  respectively.  Figs.  25  to  29, 
inclusive,  show  typical  floor  plans  with  door  and  seating  layouts  of 
various  leading  t)rpes  of  city  rapid  transit  cars,  and  the  tables  on 
PP-  545  to  549,  inclusive,  give  various  data  relative  to  the  weights, 
capacity,  motor  equipment,  etc.,  of  these  cars.  The  following 
table  shows  comparative  costs  of  these  cars: 

Comparative  Costs — Various  Steel  Passenger 

Cars 


Type  of  car 
(identity  of  six 

• 

Total  cost 
completely 

Cost  per 
passenger 

Cost  per 
passenger 
capacity 

Cost  per 

lineal 

coixip  H  n  ics 
withheld) 

equipped 

seat 

seated  and 
standing 

foot 

A 

$12,236.97 

$169.95 

$46.00 

$175.98 

B 

18,500.00 

260.56 

99.46 

287.09 

C 

13,000.00 

250.00 

84.41 

253-25 

D 

14,500 .  00 

329.54 

93.54 

300.00 

E 

12,500.00 

284.09 

80.64 

258.62 

F 

14,000 .  00 

318.18 

76.92 

268.91 

New  York  Munici- 

15.000.00 

166. 661 

SS'SS* 

223.88 

pal. 

(estimated) 

^  On  basis  of  90  seats. 

s  On  basis  of  270  passengers. 

Interurban  Cars.  In  the  design  of  interurban  cars  it  is  usuaS^ 
desirable  for  the  comfort  of  the  passenger  on  the  longer  trips  to 
provide  a  full  equipment  of  cross  seats.  It  is  generally  deemed  de- 
sirable also  to  provide  a  separate  smoking  compartment  and  also  a 
compartment  for  baggage  and  Ught  express  matter,  the  necessity 
or  desirability  of  these  compartments  becoming  greater  as  the  head- 
way becomes  longer  and  the  distance  between  terminals  greater.  It 
is  also  desirable  on  long  runs,  and  in  some  states,  compulsory,  that 
toilet  facilities  be  provided.  The  usual  layout  for  such  a  car  is 
shown  in  general  by  Fig.  30,  p.  550,  which  shows  the  plan 
of  the  all-steel  cars  which  are  being  used  by  the  Union  Traction 
Company  of  Indiana.  Such  cars  are  usually  made  single  ended 
with  the  baggage  compartment  in  front.  This  position  affords  an 
additional  factor  of  safety  in  case  of  accident  and  allows  the  motor- 
man  to  attend  to  loading  and  unloading  baggage  at  the  station 
stops.  In  the  car  shown,  all  partitions  were  installed  with  large 
glass  areas,  which  arrangement  permits  the  conductor  to  remain 
on  the  rear  platform  from  which  position  he  can  observe  the  move- 
ments of  the  motorman  and  see  all  passengers  in  the  car.  The 
general  dimensions  and  weights  of  the  car  shown  are  as  follows: 

Length  over  bumpers 61  ft. 

Width  over  side  plates ^  8  ft.  ^i  in. 

Height  from  rail  to  bottom  of  sill ""  43  in. 

Height  from  bottom  of  sill  to  top  of  roof 9  ft. 

Truck  centers 38  ft.    4  in. 

Weight  of  car  body  with  electrical  and  air-brake 

apparatus.  4Si200  lb. 
Weignt  of  two  standard  trucks  complete  with  four 

motors.  40,400  lb. 
Weight  of  car  body  fully  equipped  and  mounted  on 

trucks.  85,600  lb. 
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The  Joint  Committee  on  Transportation  Engineering,  A  E.R.E  A., 

19 14,  found  that  when  consid- 
ered with  regard  to  entrances 
there  are  eight  different  general 
styles  of  interurban  cars  designed 
for  train  operation.  These  are 
shown  by  Fig.  31.  a  to  e,  in- 
clusive, are  the  most  common 
types;  a,  b,  and  c  are  double- 
end  and  the  rest  are  single-end 
cars.  Where  there  is  any  possi- 
bility of  train  operation,  end 
doors  should  be  provided. 
Swing  doors  are  preferable  to 
sliding  doors  for  all  but  the 
baggage  compartment  because 
they  allow  more  rigid  and  strong 
bulkhead  construction,  cause 
less  trouble  and  have  a  lower 
maintenance  cost 

Freight  and  Express  Cars. 
Where  shipments  are  made  in 
less  than  carload  lots  there 
should  be  two  large  doors  on 
each  side  of  the  car.  Fig.  32 
(from  the  report  of  the  above 
committee)  shows  typical  out- 
line plans  for  freight  and  e:q>ress 
cars.  Cars  a,  b  and  c  are  motor 
cars  and  the  rest  are  shorter  de- 
signs for  trailers.  Car  a,  havixig 
one  large  and  one  smaU  door  on 
each  side,  is  satisfactory  when 
the  car  is  not  so  long  that  time 
is  lost  in  carrying  freight  be- 
tween door  and  end  of  car.  In 
b  the  small  end  doors  facilitate 
the  handling  of  long  pieces  of 
freight.  Car  c  affords  the  most 
rapid  handling  of  freight.  In  dy 
e  and  /  the  corner  doors  permit 
passage  between  cars.  Car /is 
provided  with  an  end  door  for 
the  handling  of  automobiles  and 
other  bulky  freight. 

Standard  DknensiQiis  of  Cars. 
The  A.E.R.E.A.  standard  height 
of  couplers  for  dty  cars,  meas- 
ured from  the  top  of  the  rail  to 
the  center  of  the  coupler,  is  30 
in.  The  standard  height  of  plat- 
form, measured  from  the  top  of  rail  to  the  top  of  platform  floor,  is 
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31  in.  for  city  cars  and  51  in.  for  interurban  cars.  The  standard 
height  of  dty  car  bumpers,  measured  from  the  top  of  the  rail  to 
the  top  of  bumper,  is  31  in.,  and  the  width  of  bumper  is  6  in. 
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Fig.  31- — Outline  plans  for  interurban  passenger  cars. 


Where  possible,  the  top  of  the  bumper  should  be  reinforced  with 
a  bumper  casting  of  suitable  design,  which  will  engage  the  bumper 
of  interurban  cars  as  well  as  provide  a  wider  surface,  thus  pre- 
venting the  bumpers  from  pass- 


ing  over  each  other  and  the  cars 
from  telescoping  in  case  of  colli- 
sion between  city  and  interurban 
cars.  This  bumper  casting 
should  be  designed  to  include 
the  pocket  casting  for  coupling 
city  cars  to  interurban  cars,  as 
later  referred  to.  The  standard 
height  of  interurban  car  bumper, 
measured  from  the  top  of  rail  to 
the  top  of  bumper,  is  51  in., 
and  the  width  of  bumper  is  8  in. 
The  bumper  arrangement  on 
interurban  cars  should  be  made 
as  solid  and  substantial  as  the 
design  of  the  equipment  will 
permit,  and  a  suitable  arrange- 
ment should  be  made  to  pre- 
vent the  bumper  of  the  inter- 
urban cars  from  passing  over 
the  bumper  of  the  lower  dty 
cars.  Figs.  33  and  34  show 
the  above  standard  dimen- 
sions. 


-\ — i- 


-\ — I- 


+f 


r 


J 


c 


H h 


H 1- 


H h 


J 


r 


H h 


] 


€ 


f 


H h 


H »- 


-I h 


-4 \- 


] 


[ 


H h 


H \- 


FiG.  32. — Outline  plans  for  freight 
and  express  cars. 


Height  of  Car  Steps.    Public  authorities  have  recently  made  a 
number  of  regulations  relative  to  the  height  of  steps.     For  instance, 
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the  Massachusetts  Public  Service  Commission  in  11114  ordered  thai 
all  passenger  cars  purchased  thereafter  by  street  r^way  compuues 
shall  be  equipped  with  steps  not  over  15  in.  in  height,  the  botton 
steps  to  be  measured  from  a  plane  even  with  the  top  of  the  rails, 


also  that  all  cars  then  owned  and  operated  by  street  railway  com- 
panies should  be  altered  prior  to  July,  191 5,  so  that  no  stepshouWl" 
more  than  17  in.  in  height. 

From  many  tests  on  interurban  cars  the  Joint  Committee  o" 
Transportation  Engineering,  A.E.R.E.A.,  1914,  found  that  theliot 
required  for  boarding  and  alighting  was  less  with  a  step  atrang'- 
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ment  having  four  than  with  one  having  three  rises.  The  tests 
showed  that  for  three  rises  consisting  of  a  165^-in.  rise  from  the 
rail  to  the  first  tread,  then  two  14-in.  rises  to  the  vestibule  plat- 
form, the  average  boarding  time  was  approximately  3  seconds 
and  the  average  alighting  time  was  2^  seconds.  For  four 
rises  consisting  of  a  15-in.  rise  from  ^  the  rail  to  the  first  tread, 
then  three  lo-in.  rises  to  the  vestiliule  platform,  the  average 
boarding  and  alighting  times  were  alike,  being  approximately 
iH  seconds. 

Automatic  Couplers  and  Radial  Draft  Rigging.    There  has  been 
adopted  as  standard  by  the  A.E.R.E.A.  for  use  on  interurban  cars 
a  coupler  of  the  vertical  plane  type  which  has  the  same  contour 
lines  of  knuckle  and  guard  arm  as,  and  which  will  automatically 
couple  with,  standard  steam  railroad  couplers  of  the  M.C.B.  type. 
The  draft  rigging  and  draw-bar  supports  for  these  couplers  should 
he  such  that,  with  sudden  changes  m  grade,  the  vertical  displace- 
ment of  the  couplers  with  reference  to  each  other  will  not  be 
sufficient  to  cause  the  knuckles  to  become  disengaged.    The  length 
of  the  radial  coupler,  measured  from  the  center  of  the  pocket-pin 
to  the  pulling  face,  should  be  54  in.    This  length  will  apply  to  both 
interurban  cars  and  to  cars  in  dty  service.    On  dty  cars,  where  the 
bumper  arrangements  will  permit,  a  pocket  casting  is  to  be  placed 
on  the  top  of  the  bumper,  the  center  of  the  pocket  to  be  35  in.  above 
the  top  of  the  rail,  and  the  casting  to  be  of  ample  strength  and 
properly  braced,  so  that  by  means  of  a  suitable  bar  city  cars  may  be 
coupled  on  a  level  with  the  automatic  couplers  of  interurban  cars. 
For  this  purj>ose  it  is  advisable  at  present  to  maintain  a  link  slot 
^d  coupling  pin  hole  in  the  knuckle  of  the  automatic  couplers. 
The  following   are  the  A.E.R.E.A.   standard   specifications   for 
couplers  for  interurban  cars  where  the  interchange  of  equipment  is 
mvolved: 

1.  All  couplers  must  be  made  to  automatically  couple  by  im- 
pact, and  to  uncouple  without  the  necessity  of  going  between  the 
cars,  with  M.C.B.  and  all  other  types  of  M.C.B.  contour  couplers, 
™ther  used  by  steam  or  electric  roads. 

.2.  A  device  should  be  adopted  for  holding  couplers  on  center 
'wthin  the  required  limits  when  inter-coupling  with  steam  railroads. 

3«  An  open  knuckle  for  shackle  bar  connection  should  be  used. 

4-  The  draft  gear,  where  possible,  should  meet  M.C.B.  require- 
ments, and  the  draw-bar  anchorages  shoidd  be  equivalent  in 
strength  to  M.C.B.  equipment  and  requirements. 

5-  Couplers  must  not  uncouple  when  cars  are  being  pushed 
around  a  curve  of  35-ft.  center  radius. 

6.  There  should  be  an  arrangement  to  release  and  open  the 

buckle  without  requiring  the  operator  to  pass  between  the  cars. 

7-  The  face  of  the  knuckle  vertically  should  be  16  in.  maxi- 
mum. 

8.  The  height  of  the  draw-bar  center  should  be  31H  in.  mini- 
^°^  and  34 j,^  in.  maximum  above  the  head  of  the  rail. 
•  ^1  The  coupling  center  of  couplers  must  have  a  minimum  pro- 
^^^  of  6  in.  beyond  buffer  faces  at  any  point  between  the 
^oi^king  Unuts  of  couplers. 
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lo.  Couplers  should  be  placed  on  both  ends  of  the  cars. 
The  contour  line  for  automatic  couplers  adopted  as  standard  by 
the  Master  Car  BuUders*  Association  is  shown  by  Fig.  35. 

End  Connectioiis  on  Intenirban  Cars  Engaged  in  the  Inter- 
change of  Cars.  The  locations  of  the  various  end  connections  for 
interurban  cars,  adopted  as  recommended  practice  of  the 
A.E.R.E.A.,  are  shown  in  Fig.  36.    In  this  figure  the  locations 

shown  of  control  train  and  bus 
line  electropneumatic  and  trailer 
light  receptacles  are  such  as  to 
dear  end  doors  where  these  are 
employed  in  the  event  condi- 
tions permit;  if  it  is  other- 
wise required,  their  position 
may  be  altered,  but  the  re-loca- 
tion should  be  on  the  vertical 
center,  as  shown.  The  recq>- 
tacles  indicated  by  dotted  lines 
^  are  optional  when  not  required; 
5^-  the  trailer  light  receptacles  are 
"^  optional  when  bus  lines  are  | 
used.  The  headlight  receptacle  i 
and  bracket  and  trolley  retriever 
bracket  are  optional  when  not 
required. 

The  Standardization  Com- 
mittee of  the  Central  Electric 
Railway  Association  has  pro- 
posed a  standard  location  of 
electropneumatic  signal  whistles 
and  wiring,  as  shown  by  Fig.  37, 
and  also  a  standard  trailer  light 
connector,  as  shown  by  Fig.  38. 
Coupler  with  Wire  and  Air 
Connections.  In  some  instances,  couplers  have  been  arranged,  so 
that  the  one  operation  of  coupling  the  cars  also  makes  connec- 
tions for  the  air,  lights  and  signals.  Fig.  39  shows  the  home-made 
addition  to  a  car  coupler,  as  made  by  the  United  Railways  of  St 
Louis,  for  canying  contacts  for  signal  and  lighting  circuits. 

Train   Operation.    The  full   realization  of   the  advantages  of 
multiple-unit  operation  can  be  obtained  only  on  roads  having  axnple 
substation  capacity  and  a  liberal  feeder  system,  although    the 
requirements  of  these  items  can  be  kept  within  very  reasonable 
limits  by  the  proper  training  of  the  motorman.    Where  multiple- , 
unit  trains  are  employed,  it  is  usually  not  necessary  to  have  either! 
cars  or  equipment  as  large  as  if  they  were  operated  singly  at  all 
times.    The  predecessor  and  principal  competitor  of  the  multiple- 
unit  train  is  the  combination  of  the  motor  car  and  trailer.     If  the 
motors  are  of  sufficient  capacity,  and  especially  if  two-car  trains 
are  to  be  operated  for  only  short  periods  of  time,  trailer  operation 
may  be  more  economical  than  multiple-unit  operation.      Care 
should  be  taken  that  in  such  operation  the  motors  are  not  over- 


PiG.  3S. — Contour  line,  M.C.B. 
standard  coupler. 


TRAIN  OPERATION 


loaded  ^nce  the  excessive  heating  may  do  them  damage.  The 
effect  OD  motoTs  of  pulling  a  trailer  may  be  seen  from  the  curves 
Figs.  40  and  41  which  are  reproduced  from  a  paper  by  Mr. 
"      '  ■  -  c  f    igoj.    Fig,  ^o  showing  rise 


Clarence  Renshaw,  Trans.  A.LE.E., 


in  temperature  of  motors  with  one  car  operating  angly  and  Tig. 
41  showing  the  rise  in  temperature  with  the  car  hauling  a  trailer 
during  the  rush  hours.  It  will  be  noted  that  the  presence  of  the 
trailer  for  one  trip  in  the  morning  when  the  motors  were  fairly  cool 
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only  caused  the  temperature  to  rise  much  more  rapidly  without 
causing  it  to  reach  any  higher  value,  but  in  the  afternoon  when  the 
motors  had  reached  Uie  temperature  where  they  would  otherwise 
have  remained,  the  addition  of  a  trailer  for  about  iH  hours 
raised  the    temperature    in    this   case   approximately    25    deg. 


m 


MOTOR^^CAR 


Trailer  Ughf  Bus  -% 
— ■ ^   ■         ^ 


lUe'IOigcsf.'.'i.. 


TRAILER 
fTrailer  Lighf  Jumpe* 


^Si^na/  Une  Jumper 


3 


Signal  Une 

o  Signals,  with  necessary  resisfance,  to  be  heated  so  as  io  be  audible  on  both 

siiles  or  bulkheads. 
•  Signal  line  connectors,  dis  per  print  fhB'tt-A, 

B  Trailer  light  connectors,  as  per  print  NaC-S-A,  used,  /br  light  heater  emd 

other  auxiliary  circuits. 
■  Sianaisws.  operated  by  bell  cord,  and  connecting  trailer  light  with  si^na 


operated  by  bell  cord,  and  connecting  trailer  light  with  s^pol 
Fig.  37. — C.E.R.A.  standard  location  of  signal  whistles  and  wiring. 


Signal  i. 
line  bus. 


from  75  deg.  C.  The  use  of  trailers  for  rush-hour  service 
is  also  likely  to  cause  delay,  due  to  the  reduction  in  speed  on  account 
of  the  added  weight,  and  the  inability  of  the  trailer  to  move  by 
itself  causes  further  delay  in  backing  it  up,  dropping  it,  and  possibly 
shifting  it  at  stub-end  terminals.    Otherwise,  in  certain  classes 


t E 


IMPREG.  HAPLE  SHOl 


Wr* 


^^^ 


HR.coppot(iMi>asnv&     ScmN^wl 


Na  14-20  BiV^MACHSrup, 


NO  l4-»  BRASS 


it"-- 

Bl&6^ 
Flex.  Cable  * 
eO'lonq 


Mo  6'3Z  Round  Hd 
Brass  Mac/t  Scnems 


BRASS  COHTACT  PUIG 

•    Pig.  38. — C.E.R.A.  standard  trailer  light  connector. 

of  service  the  trailer  operation  may  be  very  successful  without 
causing  injury  to  the  motor  equipment,  especially  by  taking  ad- 
vantage of  the  thermal  capacity  of  the  motors  in  attaching  trailers 
to  motor  cars  which  have  been  out  of  service  for  $  or  6  hours 
and  leaving  them  attached  for  only  a  limited  number  of  trips. 
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It  may  be  posable,  also,  to  compiensate  for  the  estra  load  by  a  reduc- 
tioQ  in  the  number  of  stops  which  would  ordinaiily  be  made  by  the 
motor  car  without  the  trailer.     With  multiple-unit  operation  it 


0  apply  motors  to  the  cars  more  efficiently, 
wm  as  to  siae  and  gear  ratio,  than  if  trailer  operation  had  to  be 
provided  for,  but  on  the  other  hand,  the  motor  equipment  on  all 
Mra,  indudinjE  those  used  as  the  second  car,  represents  considerable 


™d  investment  when  tram  operation  is  resorted  to  only  intre- 

" ~  ;  where  train  operation  is  the 

no  question  as  to 


li^Mtly,    In  rapid  t 

Wle  instead  <rf  the  escepuon,  there  is  of  o 
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the  advantage  of  tnultiple-unit  operation,  thus  distributing  the 
motors  among  the  axles  all  along  the  train,  ledudng  the  capacity 
of  the  single-motor  equipments,  and  making  available  for  tractkii) 
a  much  greater  proportion  or  aE  of  the  weight  of  the  entire  train. 
The  Public  Service  Railway  Company  of  New  Jersey  recently 
conducted  a  series  of  experiments  with  the  view  of  determining 
the  merits  of  mnltiple-unit  train  operation  as  applied  to  dty 
service;  whether  the  operation  of  two-car  trains  in  dty  service 


ft 


was  economical  and  desirable;  and  the  combination  and  number  oi 
motors  best  suited  for  such  operation.  Comparative  tests  wen 
made  with  six  trains,  the  iollowing  description  being  taken  from 
Aera,  igis:     The  trains  tested  comprised  two  single  cars,  one  four- 


ars  and  one  train  of  a  four-motor  car  and   trailer. 
Motors   were   Westinghouse   No.   307,   with  HL  control.     Some    1 
of  the  operating  results  are  as  follows: 


Cbs»  of  train 

Pet  cent,  ot 

staadird 
ninning  time 

Kilowatts  per 

'sit'" 

Fonr-raotot  single  car 

Two-motor  single  car 

Two  tour-motor  cars 

One  tour-motor  and  one  two- 

T™°two-''motor  cars. . , 

65. e 

78:7 
"2.1 

83. s 

The  above  shows  that  the  four-motor  cars,  either  single  or  in 
trains,  kept  fairly  close  to  the  standard  running  time.  A  train 
made  up  of  a  four-motor  car  and  a  two-motor  car  lost  a  little  lime, 
but  not  as  much  as  the  two-motor  cars,  either  angle  or  connected. 
The  four-motor  car  with  trailer  fell  much  further  behind.  The 
energy  consumption  figures  are  taken  from  typical  rush-hour 
trips  in  the  direction  of  travel,  and  it  will  be  notM  that  the  two- 
motor  cars  show  a  saving  of  about  30  per  cent,  in  energy  con- 
sumption per  car  mile  over  the  four-motor  cars.    This,  be«iuse  of 
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the  lighter  weight  of  the  two-motor  cars,  corresponds  to  about  20 
per  cent,  per  ton  mile.  The  six-motor  train  shows  a  saving  of  about 
14  per  cent,  per  car  mile,  or  about  8  per  cent,  per  ton  mile,  as  com- 
pared with  the  eight-motor  train.  The  motor  car  with  trailer 
shows  a  slight  saving  on  a  car-mile  basis,  but  over  10  per  cent,  more 
energy  consumption  per  ton  mile  than  a  train  of  two  similar  motor 
cars. 

The  six-motor  train  seems  to  be  worthy  of  special  consideration 
for  this  class  of  service.    Its  running  time  was  very  nearly  as  good 
as  that  of  the  eight-motor  triain  or  of  the  single  four-motor  car,  and 
at  the  same  time  it  showed  a  saving  of  7.4  per  cent,  in  energy  con- 
sumption per  ton  mile  and  about  twice  as  much  per  car  mile.    It 
has  none  of  the  disadvantages  of  trailer  operation  and  it  would  seem 
to  be  entirely  feasible  to  operate  the  two-motor  cars  singly  during 
the  middle  of  the  day  for  a  larger  part  of  the  year  and  thus  secure 
the  still  greater  energy  economy  as  snown  by  the  two-motoi  car  tests. 
If,  however,   weather  or  rail  conditions  make  it  advisable,  the 
four-motor  cars  coidd  be  run  throughout  the  day,  while  the  com- 
bination of  a  two-motor  and  a  four-motor  car  in  the  rush  hours  would 
meet  the  conditions  of  heavy  travel  much  more  satisfactorily  than  a 
train  of  two  two-motor  cars,  and  practically  as  well  as  an  eight- 
motor  train.     The  report  on  the  Public  Service  tests  concludes  that 
tKun  operation  in  city  service  is  desirable  under  certain  condi- 
tions and  during  certain  periods  of  the  day.    This  is  indicated 
(i)  by  the  facilities  which  train  operation  provides  for  handling 
rush-hour  loads  and  traffic  of  extraordinary  proportions;   (2)  by 
the  relief  offered  through  congested  sections  by  operation  in  trains 
instead  of  as  single  units;  (3)  by  the  reduction  in  platform  ex- 
pense which  train  operation  makes  possible  in  comparison  with 
single  cars. 

In  the  operation  of  two-car  trains,  it  is  desirable  that  all  en- 
|rances  should  be  at  the  middle  of  the  train  (near  side  trailer  and 
far-side  motor)  in  order  to  eliminate  the  hesitation  factor  which 
hosted  in  the  Public  Service  tests. 

Ifiscellaneous  Equipment  for  Interurban  Cars.  The  Committee 
on  Maintenance  and  Inspection,  A.E.R.E.A.,  1908,  recommends 
J^t  interurban  cars  should  never  be  put  in  service  without  the 
following  miscellaneous  equipment: 

Three  sets  of  flags  (red,  white  and  green);  telephone,  where 
standard  to  the  road;  classification  and  marker  lamps  where  oil 
lamps  are  used;  two  trolley  pickups;  one  coupler  or  pulling  bar;  one 
pull  rope;  coupling  link  and  pin;  extra  supply  of  air  pumps  and 
light  fuses  (also  car  and  control  fuses  where  used) ;  fire  extinguisher 
in  working  order;  one  extra  trolley  pole,  fully  equipped,  on  top  of 
the  car;  one  extra  trolley  rope,  or,  better  still,  one  extra  retriever 
Quipped  with  rope;  one  trolley  retriever  in  its  place  on  the  rear 
^h;  one  headlight  in  its  place  on  the  front  dash,  for  signal  use. 
*jjses  and  torpedoes  should  be  on  each  car.  The  crew  should  have 
pth  red  and  white  lanterns  in  good  condition,  and  sufficient  tools 
^  change  the  trolley  pole  or  make  other  light  repairs.  Interurban 
cars  should  also  carry  a  wrecking  outfit  with  axe,  saw,  jack  and 
crowbar. 
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Cleaning  Cars.  The  following  rules  governing  car  cleaning  at  the 
Boston  Elevated  Railway  Company's  surface  car  house,  as  given  in 
the  report  of  the  A.E.R.E.A.  Joint  Committee  on  Engineering 
Accounting,  191 2,  were  carefully  worked  out  by  the  Department  of 
Rolling  Stock  and  Shops  after  an  extended  study  of  the  work.  It 
covers  every  detail  of  cleaning  on  various  types  of  cars,  names, 
methods  of  work,  tools  to  use,  number  of  men  to  do  work,  intervals ' 
at  which  work  should  be  done,  time  required  for  the  job,  etc.  These 
rules  are  followed  except  in  particularly  cold  weather  or  under  other 
unusual  weather  conditions,  when  the  rules  may  be  suspended  by 
the  direction  of  the  car  house  foreman.  It  should  be  noted  that  the 
"Time  Required,"  in  the  first  tabulation,  is  a  maximum  on  25-ft 
box  cars,  the  time  allowed  on  other  cars  being  proportional  to  the 
surface  covered. 


26V4-FT.,    25-FT.,  AND   20-rT.  Box  CaRS  DaILY   CLEANING — 

Exterior  of  Car 


No. 

Time  required 

I 
3 
3 

Mop  painted  work  and  side  glass   (except 

during  stormy  weather). 
Clean  vestibule  glass  with  damp  chamois  and 

towel. 
Mud  splashes  to  be  removed  with  wash  brush 

and  clean  water. 

One  man  10  minutes 
One  man  10  minutes 
One  man  10  minutes 

Daily  Cleaning — Interior  of  Car 


4 
5 


Sanding:  Sand  boxes  to  be  tested  by  drop- 
ping sand  on  the  rail,  then  fill  sand  boxes. 

Sweeping  car  body,  vestibule  and  steps  by  the 
following  method:  Sprinkle  lightly  steps, 
platform  and  interior  floor  with  disinfectant 
in  solution  with  water.  Turn  up  cushions. 
Sweep  floor  thoroughly  toward  and  onto 
vestibule. 

Dirt  from  vestibule  and  steps  to  be  swept 
into  receptacles.  Special  attention  to  Se 
given  to  dirt  around  controllers  and  brake 
ratchets  and  behind  cab  doors.  Proper 
scraper  to  be  used  for  removing  heavy  dirt. 

Dusting:  Note:  At  least  2  hours'  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  car  body  and  vestibules  and  fixtures 
of  same,  including  window  and  monitor 
glass  to  be  dusted  with  feather  duster,  ex- 
cept the  following,  viz. :  lamps,  hand  strap 
poles,  hand  straps,  window  sills,  dasher  sills, 
register  glass  which  are  to.  be  wiped  with 
dry  towel.  Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 


One  man  4  minutes 
One  man  12  minutes 


One  man  6  minutes 


Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (giving  car  number  in  all  cases),  the  following  defects,  viz.: 
Sand  boxes  failing  to  work  properly,  defective  light  circuits,  missing  spare 
lamps,  broken  glass,  missing  sign  sticks,  missing  cardboard  signs,  defective 
curtains,  broken  register  or  bell  cords,  exceptional  disorder  conditions  in 
cars  requiring  special  attention,  or  any  other  defects  that  may  come  to  their 
attention. 
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Periodical  Cleaning — Exterior  op  Car 


Frequency 
of  period 


Time 
required 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes. 

In  connecti9n  mth  this  job  the  front 
windows  (inside)  of  vestibule  to  be 
washed  with  brush  and  water.  Vesti- 
bule dasher  sills  to  be  wiped  dry. 

Painted  wood  work,  dashers  and  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  suitable  scrub  brush. 
All  soap  to  be  removed  from  car  body 
afterward  by  thprough  rinsing  with 
clean  water.  Windows  to  be  thor- 
oughly cleaned  after  this  process. 

Monitor  and  ventilator  glass  to  be  cleaned 
by  wiping  with  dry  towel.  ^ 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 

Headlights  to  be  painted  after  thorough 
cleaning. 


After  each 
storm. 


Two  months. 


Two  weeks. 

Once  a 
month. 
Twice  a  year. 


Two  men  is 
minutes 
each. 


Two  men  2 
hotu^  each. 


One  man    12 

minutes. 
One  man  10 

minutes. 
One  man  10 

minutes 


Periodical  Cleaning — Interior  of  Car 


Glass  side  window  glass,  bulkhead  glass 
and  vestibule  glass  to  be  cleaned  with 
damp  chamois. 

Curtatns  to  be  thoroughly  cleaned  with 
whisk  brooms  and-  then  wiped  with 
towels. 

Platforms  and  steps  loosening  all  caked 
dirt  with  suitable  scraper  and  removing 
same  with  whisk  broom. 

Dashers  to  be  washed  and  scrubbed 
using  com  broom  and  oil  soap  and 
water. 

Dashers  to  be  painted  with  quick  drying 
paint  furnished  by  Bartlett  St.  Shops, 
care  to  be  taken  that  paint  is  thor- 
oughly dry  before  car  goes  out.  (Paint 
will  probably  require  8  hours  to  dry.) 

Wood  work  in  car  bodies  and  vestibules  in- 
cluding monitor  glass  to  be  cleaned  by 
first  wiping  with  dry  towel  and  then 
washed  with  damp  sponge.  Specially 
clean  water  to  be  used  on  this  job. 
Heel  boards  only  may  be  washed  with 
oil  soap  and  water  if  conditions  require 
it. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 
month. 

Twice  a  year. 


Once  a 
month. 


One  man  30 
minutes. 

One  man  15 
minutes. 

One  man   10 
minutes.    . 

One  man  10 
minutes. 

One  man  10 
minutes. 


One  man   i 
hour. 


86 
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Semi-convertible  Cars  Nos.  i,  2,  3,  4  and  4-A 
Daily  Cleaning — ^Exterior  of  Car 


No. 

Maximum  time 
required 

30 

31 
33 

Mop  painted  work  and  side  glass  (except 
during  wet  weather).                                        ^ 

Clean  vestibule  glass  with  damp  chamois. 

Mud  splashes  to  be  removed  with  wash  brush 
and  clean  water. 

One  man  15  minutes. 

One  man  15  minutes. 
One  man  10  minutes. 

Daily  Cleaning — Interior  of  Car 

23 
24 

2S 

Sanding:  Sand  boxes  to  be  tested  by  drop- 
ping sand  on  rail,  then  fill  sand  boxes.     Cars 
to  be  sanded  before  being  swept. 

Sweeping  car  body,  vestibule  and  steps  by  the 
following  method:  Sprinkle  lightly,  steps, 
platforms  and  interior  floor  with  disinfec- 
tant in  solution  with  water.     Using  a  suit- 
able broom,  sweep  side  sills  and  floor  under 
transverse   seats,    sweeping   all   dirt   onto 
center  matting,  sweep  center  matting  and 
floor  space  not  previously  covered  toward 
and  onto  vestibule  floor. 

Dirt  from  vestibules  and  steps  to  be  swept 
into  receptacles.     Special  attention  to  be 
given  to  removing    dirt  around  air-brake 
pipes,  hand  brake  ratchets  and  behind  cab 
doors.     Proper  scraper  to  be  used  for  re- 
moving heavy  dirt. 

Dusting:  Note:  At   least    2   hours,  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  the  car  body,  vestibule  and  fixtures 
of   same,   including  window   and  monitor 
glass  to  be  dusted  with  feather  duster  except - 
the  following:  lamps,  hand  strap  rails,  win- 
dow sills,  dasher  sill,  seat  arms  and  register 
glass,  which  are  to  be  wiped  down  with  dry 
towel.     Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 

One  man  4  minutes. 
One  man  30  minutes. 

One  man  10  minutes. 

Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (jgiving  car  number  in  all  cases),  tne  following  ddfects,  vis-: 
Sand  boxes  fading  to  work  properly,  defective  light  circuits,  missing  spaxc 
lamps,  broken  glass,  defective  ctirtains,  defective  doors,  broken  register  or 
bell  cords,  exceptional  disorder  conditions  requiring  special  attention  or  any 
other  defects  that  may  come  to  their  attention. 
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Pesiodical  Cleaning — Exterior  or  Car — Semi-convertible 


No. 


Prequencv 
of  period 


Maximum 
time  required 


36 


27 


28 


29 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes.  In  connection  with 
this  iob  the  front  windows  (inside)  of 
vestibule  to  be  washed  with  brush  and 
water.     Vestibule  sill  to  be  wiped  dry. 

Painted  wood  worky  dashers  ana  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  scrub  brush.  All  soap 
to  be  removed  from  car  body  afterward 
by  thorough  rinsing  with  clean  water. 

Windows  to  be  thoroughly  cleaned  after 
this  process,  using  pumice  stone  if 
necessary  to  remove  the  rust  accumu- 
lation. 

Monitor  glass  to  be  cleaned  by  first  wip- 
ing with  dry  towel  then  cleaning  with 
damp  chamois.  Includes  interior  and 
monitor  glass  No.  z,  2,  3  cars. 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 


After  each 
rain  storm. 


Every  2 
months. 


Every  2 
weel 


5ry  2 
ieks. 


Once  a 

month. 


Two  men  ao 
minutes 
each. 


Two  men  2H 
hours  each. 


One  man  15 
minutes. 


One  man  10 

minutes. 


Pbriodical  Cleaning — Interior  of  Car — Semi-convertible 


30 


31 


32 


33 


34 


35 


Glass:  Side   glass,   air   door   glass   and 

vestibule  glass  to  be  cleaned  with  damp 

chamois. 
Curtains:  To    be    thoroughly    cleaned 

with  whisk  broom  and  then  wiped  with 

dry  towel. 
Platform  and  steps:     Removing  all  caked 

dirt  by  first  loosening  dirt  with  suitable 

scraper     and    removing    same    with 

whidc  broom. 
Dasher    washing:  To    be    washed    and 

scrubbed  using  com  broom,  oil  soap 

and  water. 
Dasher  painting:     To  be  painted  with 

Suick  drying  paint  furnished  by 
'artlett  St.  shops.  Care  to  be  taken 
that  paint  is  thoroughly  dry  before  car 
goes  out.  rPaint  wul  probably  require 
8  hours  to  dry.) 

Wood  work  and  side  sills  in  car  body  and 
vestibules  also  monitor  glass  to  be 
cleaned  by  first  wiping  with  dry  towel 
and  then  washed  with  damp  sponge, 
specially  clean  water  to  be  used  on  this 
job. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 
month. 

Twice  a  year. 


Once  a 

month. 


One  man  40 

minutes. 

One  man  20 

minutes. 

One  man  10 
minutes. 


One  man  30 
minutes. 

One  man  10 

minutes. 


One  man  2 
hours. 
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Track  Sanders.  (W.  H.  Evans,  111.  Elec.  Ry.  Assoc,  191 2.) 
There  is  no  question  that  satisfactory  results  from  the  use  of  sand  will 
depend  very  largely  upon  the  efficiency  of  the  sanding  device  itself 
and  the  character  of  material  with  which  it  is  supplied.  Owing  to 
the  restricted  conditions  on  an  electric  car,  it  is  usually  very  difficidt 
to  install  the  older  types  of  mechanical  gravity  sanders  with  any- 
thing like  a  satisfactory  arrangement.  This  difficulty  is  also  aug- 
mented on  account  of  the  very  sharp  curves  and  other  conditions 
which  usually  prevail  or  at  least  restrict  the  operation  to  some  few 
particularly  bad  locations.  This  has  led  to  the  general  \ise  of  pneu- 
matic sanders  as  being  superior  to  the  gravity  type  in  that  they  are 
more  readily  applied  and  have  the  advantage  of  distributing  the 
sand  evenly  and  expeditiously  at  the  proper  point  on  the  rail 
directly  ahead  of  where  the  front  pair  of  wheels  makes  contact  with 
the  rails.  The  sand  should  be  applied  only  in  sufficient  quantity  to 
give  maximum  traction  and  braking  power,  and  it  is  esi>ecially 
important  that  the  application  should  be  just  previous  to  or  at  the 
time  of  the  application  of  the  brakes  and  before  the  braking  power  is 
high  enough  to  skid  the  wheels.  This  applies  particularly  to  emer- 
gency brake  applications  and  is  one  of  the  special  advantages  of  the 
pneumatic  type  over  any  of  the  gravity  sanders.  The  pneumatic 
type,  however,  requires  very  careful  installation  and  arrangement  of 
the  piping  connections  in  order  to  insure  reliable  and  positive  results 
when  called  upon  under  the  most  trying  conditions  of  weather  aoi 
roadway.  It  is  also  very  necessary  to  use  a  device  requiring  the 
minimum  amount  of  air  and  sand  as  well  because  of  the  tendency  to 
overload  the  compressor  with  minor  pneumatic  devices,  which  were 
not  taken  into  consideration  when  the  capacity  of  the  air  compressor 
was  determined.  The  flexible  connection  between  the  sand  box, 
usually  carried  inside  the  car,  and  the  discharge  pipes  attached  to 
the  trucks  is  usually  a  source  of  considerable  trouble  and  requires 
careful  attention.  The  style  of  the  sand  valve  should  be  such  as 
to  avoid  useless  waste  of  air.  It  should  also  be  located  conveniently 
near  the  brake  valve  so  that  the  two  operations  of  applying  sand 
and  setting  the  brakes  can  be  done  in  emergency  at  practically  Uic 
same  time. 

Character  of  Sand.  The  best  quality  of  good  sharp  quartz 
sand,  thoroughly  dried  and  screened  and  free  from  dirt  or  soil, 
should  be  used.  Dirty  sand  is  more  susceptible  to  moisture  and 
consequently  its  tendency  to  clog  up  the  pipes  is  greater,  aside  from 
the  harm  it  may  do  after  reaching  the  rail.  Lake  sand  has  been 
found  quite  satisfactory  and  is  extensively  used  in  pneumatic 
sanders  on  account  of  its  fine,  even  grain  and  freedom  from  foreign 
matter.  It  is  also  easily  dried  and  screened  and  is  generally  eco- 
nomical. The  character  of  the  sand  is  worthy  of  more  important 
consideration  than  is  apparently  usually  given  to  it.  In  some  cases 
it  is  entirely  lacking  in  the  essential  qualities  and  has  a  tendency 
not  only  to  defeat  the  object  for  which  it  is  applied,  but  actually  to 
assist  in  creating  a  more  serious  condition. 

Car  Heating.  The  following  notes  on  car  heating  are  princi- 
pally from  the  Report  of  the  Committee  on  Equipment,  A.E.R.E.A., 
191 1,    The  usual  means  of  heating  cars  are  (i)  coal  stoves,  direct 


CAR  HEATING  666 

method;  (2)  coal  stoves,  indirect  method,  similar  to  hot  air  furnace 
used  for  heating  of  houses;  (3)  hot  air  heaters,  air  blast,  motor 
driven;  (4)  hot  water  heaters;  (5)  electric  heaters.  The  character- 
btics  of  the  various  methods  should  be  considered  with  regard  to 
the  following  points:  (i)  ability  to  heat  car  to  uniform  temperature; 
(2)  first  cost,  completely  installed  on  car;  (3)  maintenance;  this 
will  include  repairs,  renewals,  replacements,  etc.;  (4)  cost  to  oper- 
ate; in  the  case  of  hot  water  heaters,  this  will  indude  fuel  and  labor 
only;  in  the  case  of  electric  systems,  power  only,  and  in  the  case 
of  the  hot  air  blast  heater  using  coal,  fuel,  labor  and  power;  (5) 
weight  of  system  complete  as  installed  on  the  car  ready  to  operate; 
(6)  fire  risk;  (7)  reliability;  (8)  regulation;  this  refers  to  abilitv 
to  regulate  the  heat  to  outside  temperature;  (9)  space  occupied; 
(10)  appearance;  (11)  attention  required  from  car  crew;  (12) 
cleanliness,  which  will  include  freedom  from  dust,  ashes  and  obnox- 
ious gases;  (13)  adaptability  and  relation  to  ventilation  systems. 

Aside  from  the  ordinary  coal  stove,  the  three  principal  heating 
systems  are  the  hot  air  heater,  hot  water  heater  and  electric  heater. 

The  Hot  Air  Heater.  In  this  system  the  air  is  heated  by  a  coal 
fire  and  forced  through  suitable  ducts  along  the  side  of  the  car  by 
motor-driven  fans.  By  its  use  it  is  possible  to  secure  quite  uniform 
heating  of  the  car.  The  heat  being  applied  along  the  floor  line 
results  in  dry  floors,  which  is  a  very  strong  point  in  its  favor.  The 
first  cost  is  rather  high,  but  as  the  equipment  becomes  better  devel- 
oped this  cost  should  be  somewhat  lower.  The  maintenance  of  this 
system  is  considerable,  but  exact  data  are  not  yet  available.  The  cost 
to  operate,  including  only  the  items  of  coal,  labor  of  attendance  and 
cost  of  electricity  for  the  motor  is  comparatively  low.  The  weight 
depends  upon  type  and  size  of  car,  but  is  practically  the  same  as 
dectric,  and  less  than  hot  water  heaters.  The  fire  risk  is  practically 
the  same  as  in  the  case  of  hot  water  heaters.  The  reUability  of 
the  heater  in  its  present  state  of  development  seems  to  be  an  open 
question.  The  regulation  is  not  so  good  as  it  should  be,  but  will 
undoubtedly  improve  as  the  apparatus  is  further  developed. 
When  this  system  is  used  in  conjimction  with  exhaust  ventilation, 
the  regulation  is  better.  The  space  occupied  is  perhaps  greater 
than  with  hot  water  heaters.  The  appearance  compares  favorably 
with  oUier  types  of  coal  heaters.  Considerable  attention  is  required 
from  the  car  crew  from  time  to  time  in  order  to  keep  fire  in  proper 
condition,  but  where  the  heater  can  be  placed  near  the  conductor  or 
motorman,  this  is  readily  accomplished.  It  is  not  so  clean  as  the 
electric  system,  but  compares  favorably  with  hot  water.  As  this 
system  is  designed  to  provide  for  ventilation,  it  is  readily  adapted 
to  that  end. 

The  Hot  Water  Heater.  This  system  possesses  many  valuable 
characteristics,  among  which  are  independence  of  the  electric 
power  supply,  which  is  quite  a  consideration  in  interurban  work 
where  long  runs  are  made  and  the  power  supply  is  subject  to 
interruption.  .  By  the  use  of  this  type  of  heater  it  is  possible  to  heat 
the  car  very  uniformly.  The  eflficiency  of  hot  water  heaters  will 
fall  off  materially  if  the  pipes  and  coil  are  not  kept  reasonably  free 
from  scale  and  other  deposits.    The  first  cost  is  not  so  high  as  that  of 
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the  hot  air  S3rstem.  The  maintenance  is  higher  than  that  of  the 
electric  system.  The  cost  to  operate,  including  only  the  items  of 
fuel  and  labor,  is  approximately  the  same  as  for  the  hot  air  heater. 
The  weight  of  the  hot  water  apparatus  is  high  and  has  long  been  one 
of  its  chief  drawbacks,  but  the  latest  types  show  improvements  in 
this  respect.  The  fire  risk  is  substantially  the  same  as  for  the  hot  air 
heater.  In  case  of  accident  there  is  a  hazard  from  the  fire  in  the  coal 
stove.  The  reliability  is  very  good.  The  regulation  is  compara- 
tively poor.  It  takes  some  time  for  water  to  take  up  heat  and,  con- 
versd^,  it  takes  some  time  for  water  to  lose  its  heat.  The  space 
occupied  is  considerable  and,  except  on  single-end  cars,  this  space 
is  valuable  as  seating  or  standing  room.  The  hot  water  heater 
with  its  expansion  drum,  water  glass  gage,  etc.,  does  not  add  to  the 
appearance  of  a  car,  except  where  it  is  practicable  to  partly 
enclose  the  apparatus.  Attention  is  required  from  time  to  time, 
but  the  work  is  small  and  where  the  heater  can  be  located  dose  to 
one  of  the  crew,  it  does  not  take  him  from  other  duties.  The  hot 
water  heater  as  usually  installed  produces  dust,  and  very  fre- 
quently obnoxious  gases.  The  heating  elements  being  pipes  located 
one  above  the  other  near  the  floor  line,  it  is  easy  to  adapt  this  system 
of  heating  to  anypractical  scheme  of  ventilation. 

The  Electric  Heater.  It  is  perfectly  possible  to  secure  unifoim 
temperature  throughout  the  car.  The  first  cost  is  lower  than  that  of 
any  of  the  other  modem  systems.  When  the  electric  heater  is 
carefully  installed  with  wiring  in  conduit,  the  maintenance  is  veiy 
low,  being  considerably  less  than  that  of  any  of  the  other  modem 
systems.  The  cost  to  operate,  which  includes  energy  only,  is  vari- 
able, depending  on  the  size  of  car,  the  range  of  temperature,  the 
cost  of  energy,  and  whether  the  peak  load  on  power  stations  comes  in 
the  heating  seasons  or  not.  In  general,  the  cost  of  operation,  as 
defined  above,  is  high.  There  are  many  cases,  however,  where  this 
method  of  heating  will  show  the  greatest  net  economy.  The  weight 
is  the  least  of  any  of  the  modem  heating  systems,  except  in  some 
cases,  where  it  is  practically  the  same  as  the  hot  air  heater.  Where 
the  wiring  is  properly  installed  in  conduit  the  fire  risk  is  practically 
nil.  This  system  is  very  reliable.  The  regulation  is  best  of  all, 
it  being  possible  to  follow  closely  and  without  trouble  rapid  changes 
in  outside  temperature.  The  space  occupied  is  very  small  and  is  not 
useful  for  standing  or  seating  capacity.  The  appearance  of  such 
parts  as  are  exposed  is  very  good.  The  electric  heating  system 
requires  the  minimum  amount  of  attention  from  car  crew.  This 
type  of  heater  is  clean  and  free  from  dirt  or  obnoxious  gases.  The 
heating  units  being  subdivided  and  located  under  the  car  seats  or 
along  the  truss  plank  are  readily  adaptable  to  any  practical  system 
of  ventilation. 

Comparative  Costs  of  Car  Heating.  As  a  comparison  in  costs 
of  heating  a  car  by  the  three  modem  S3^tems,  the  following  esti- 
mate is  given.  The  figures  are  based,  in  general,  on  results  ob- 
tained in  practice  and  are  considered  fair  and  reliable. 

Assumptions:  32-ft.  car  body;  heating  season,  145  days;  lowest 
temperature,  about  zero;  municipal  requirements,  50  deg.  F.;  cost 
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of  energy,  1.4  cents  per  kilowatt  hour  at  the  trolley;  cost  of  coal, 
I7.75  per  ton. 

Total  Cost  for  i  Year  Chargeable  to  Car  Heating 


Electric 
heater 


Hot  water 
heater 


Hot  air 
heater 


Cost  <rf  power 

Repairs  and  maintenance 
Interest  and  depreciation. 
Coal. 


Labor  of  attendance 

Hauling  weight  (4  cents  per  pound 

per  year) 

Insurance  charge 


Total  cost  per  car. 


S137.03 
1 .09 
8.80 


20.00 


$166.92 


$4-35 

18.7s 

47.76 

8.70 

60.00 
12. 00 


$151.56 


$8.22 

2.90 

18.60 

47.76 

8.70 

20.00 
12.00 


$118.18 


^  The  above  figures  are  based  on  the  following  data  and  assump- 
tions: 


Electric 
heater 


Hot  water 
heater 


Hot  air 
heater 


First  cost,  installed. .  .^ ., 

Interest  and  depreciation,  per  cent . 

Weiffht  installed,  pounds , 

Cow  consumption  per  day,  pounds , 
rower  consumption,  kilowatts .  .  .  . , 


Kepairs  and  maintenance,  cents  per 

day  of  heating  season 

Cost  of  car 

Investment  in  car  houses  per  car.  . . 

Hours  per  day  per  car 

Labor  of  attendance,  cents  per  day 

of  heating  season 

Heating  season,  days 

Extra  insurance  over  electric  heaters: 

Cents  per  $100  on  car  houses 

Cents  per  $100  on  cars 


$80 . 00 

5  and  6 

500 


5.0 

average  for 

heating 

season 

H 
$6000 . 00 
$1500.00 

13H 


145 


$125.00 

5  and  10 

i.Soo 

85 


$6000 . 00 
$1500.00 

6 
145 

10 

17^^ 


$155.00 
S  and  7 

500 
85 

0.3 


$6000 . 00 
$1500.00 

13H 

6 
I4S 

10 

17^ 


Peak  load  on  power  stations  during  heating  season. 

From  the  above  it  is  seen  that,  under  the  conditions  assumed,  the 
relative  total  economy  of  the  three  principal  heating  systems  is  as 
follows:  Hot  air  system,  first;  hot  water,  second;  and  electric, 
third.  If  the  conditions  are  different  from  those  taken  as  typical, 
different  results  will  be  obtained;  for  example,  if,  under  the  above 
assumptions,  the  peak  load  on  power  stations  came  in  summer  time, 
then  the  electric  heating  system  would  show  the  greatest  total 
economy.  This  results  from  the  fact  that  in  the  latter  case  the 
proper  charge  for  energy  would  be  only  the  cost  of  coal  per  kilowatt- 
hour,  or  say  0.5  cent  instead  of  1.4  cents.  It  is,  therefore,  readily 
apparent  why  it  is  impossible  to  say  off-hand  that  the  cost  of  car 
heating  is  so  much  per  day  unless  all  the  conditions  are  known.  As 
stated  before,  in  the  choice  of  a  system  for  heating  cars  some  con- 
sideration other  than  that  of  total  economy  may  govern,  such  as 
appearance,  space  factor,  ability  to  regulate,  and  fire  hazard. 
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In  figuring  the  power  consumption  of  electric  heaters,  the  fol- 
lowing method  will  probably  give  the  most  accurate  results:  Ob- 
tain from  the  weather  burea\rtemperature  readings  for  each  winter 
for  several  years.  Plot  a  curve  showing  variation  of  temp>erature  for 
each  ay  of  the  heating  season.  Find  what  circuit  in  heaters  is 
used  for  various  temperatures  and  plot  a  power  curve  which  will 
indicate  the  average  kilowatts  per  day. 

In  the  use  of  hot  water  or  hot  air  heaters  there  is  a  tendency  on  the 
part  of  the  car  crew  to  use  less  coal  than  is  necessary  to  ke^ 
the  cars  at  a  uniform  temperature  during  the  time  they  are  in 
service,  while  with  electric  heaters  the  tendency  is  to  put  on  three 
points  where  two  points  would  suffice.  This  may  give  rise  to  false 
ideas  of  the  relative  costs  of  the  various  heating  systems. 


Resistance   A 


Thnrash  Heaten 
to  Orooad 

Fig.  42. — Electric  thermostat  control  for  car  heaters. 

In  the  installation  of  electric  heaters,  it  is  preferable  to  have,  a 
comparatively  large  number  of  heaters  rather  than  a  few,  even 
though  the  power  consumption  is  on  the  same  basis,  on  account  of 
the  better  distribution  of  the  heat.  For  locaUties  where  the  tem- 
perature reaches  zero  or  lower,  it  is  well  to  have  about  4.5  watts  per 
cubic  foot  of  car  body,  otherwise  it  may  be  difficult  to  maintain  the 
cars  comfortable  when  low  temperatures  prevail. 

Thermostatic  Control  of  Electric  Heaters.  A  number  of  devices 
have  been  designed  for  the  automatic  regulation  of  electric  heaters, 
the  successful  operation  of  which  very  greatly  reduce  the  cost  of 
electric  heating,  in  some  cases  the  tests  showing  a  saving  of  some  50 
per  cent.  One  type  of  thermostatic  control  is  illustrated  in  Fig.  42, 
by  reference  to  wMch  the  operation  of  the  control  circuit  is  explained 
as  follows :  Normally  current  flows  through  resistance  A ,  the  magnet 
coil  of  switch  E  and  resistance  B  to  ground,  and  switch  E  is  held 
closed.  Current  then  flows  direct  from  the  trolley  through  the 
blowout  coil  and  the  contacts  of  switch  E  and  then  through  the 
heaters  to  the  ground.    As  the  car  warms  up,  the  column  of  mercury 
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in  the  thermometer  rises.  When  it  touches  the  upper  platinum 
contact,  a  current  of  very  low  voltage  is  shunted  around  resistance 
By  through  fuse  C,  the  coil  of  relay  D  and  the  thermometer,  to 
ground.  Relay  D  is  thus  energized  and  its  contacts  close.  This 
short-circuits  the  magnet  coU  of  switch  £,  and  that  switch  opens  by 
gravity,  cutting  current  off  the  heaters.  When  the  temperature 
fails  so  that  the  mercury  of  the  thermometer  leaves  the  platinum 
contact,  the  thermometer  circuit  is  broken,  and  relay  D  is  no  longer 
energized.  Therefore,  its  contacts  open,  breaking  the  shunt  around 
the  coil  of  switch  E,  The  latter  is  then  energized  and  closes,  tum- 
mg  current  on  the  heaters.  A  rise  and  fall  of  less  than  i  deg.  is 
sufficient  to  turn  the  heaters  off  or  on  as  required. 

Ventilation  of  Cars.  Authorities  differ  as  to  the  amount  of  air  to 
be  supplied  per  person  per  hour,  in  order  to  provide  a  reasonable 
standard  of  air  purity.  An  ordinance  of  the  city  of  Chicago  on  this 
subject  calls  for  the  supplying  of  350  cu.  ft.  per  hour  per  passenger 
(based  on  maximimi  standing  and  seated  load) ;  provided,  however, 
that  the  air  in  the  car  shall  at  no  time  show  more  than  ten  parts  of 
CO2  in  10,000  parts.  It  was  found  possible  to  meet  this  requirement 
by  any  one  of  several  ventilating  systems. 

Monitor  Deck  Windows.  The  usual  method  of  obtaining  ventila- 
tion in  electric  railway  cars  has  been  to  provide  a  monitor  deck  or 
dear  story  in  which  there  are  a  number  of  small  windows  that  can 
be  o{)ened.  The  ventilation  afforded  by  these  small  windows  is 
largely  by  dilution;  that  is,  such  air  as  may  enter  serves  to  freshen 
the  air  in  the  car.  The  chief  objection  to  the  system  is  that,  under 
some  conditions  of  operation,  strong  draughts  are  created  which 
are  objectionable  to  passengers. 

Types  of  Ventilators.  Ventilation  systems  other  than  monitor 
windows  have  been  worked  out  principally  along  two  lines:  those 
operated  by  the  movement  of  the  car  through  the  air  and  those 
operated  by  motors.  The  first  are  usually  called  the  automatic 
systems  and  the  second,  mechanical  systems.  Automatic  ventilators 
are  usually  "Exhauster"  and  should  be  so  designed  as  to  exclude 
rain  and  snow  and  to  prevent  gusts  of  air  coming  into  the  car. 
The  action  of  automatic  systems  is,  of  course,  variable,  depending  on 
the  velocity  of  the  car  and  the  direction  and  force  of  the  wind.  The 
mechanical  systems,  of  which  there  are  two  principal  kinds,  the 
"Exhauster"  type  and  the  "Blower"  type,  are  positive  and  prac- 
tically independent  of  motion  of  the  car  or  velocity  of  the  wind. 

Mechanical  System  of  Ventilation.  A  typical  mechanical  sys- 
tem consists  of  a  motor-driven  exhaust  fan  located  on  the  vesti- 
bule roof,  or  other  practical  point,  an  exhaust  chamber  formed  in 
the  upper  ceiling  of  the  car,  openings  located  at  various  points  in 
the  coling  and  intakes  located  at  several  points  in  the  floor  and 
connected  to  the  electric  heaters.  The  cold  air  thus  is  made  to  pass 
over  the  heating  surface  before  coming  into  the  car  body  which  is 
generally  appreciated  as  a  very  desirable  feature.  Tests  show  that 
consumption  of  energy  for  heat  is  not  increased  by  this  method. 
The  fan-motor  set  consists  of  a  H-h.p.  motor,  direct-connected  to  a 
specially  designed  9-in.  cone  fan.  This  fan  will  handle  about 
33,000  ft.  of  air  per  hour  imder  normal  conditions  of  line  voltage. 
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The  motor  is  connected  direct  to  the  500- volt  trolley  circuit  througii 
a  standard  combination  snap  switch  and  fuse,  and  is  started  and 
stopped  by  means  of  this  switch.  The  motor  and  fan  are  moimted 
in  a  suitable  metal  housing  which  is  connected  to  the  exhaust  cham- 
ber. The  fan  discharges  through  protected  openings  in  each  side 
of  the  housing.  The  exhaust  chamber  in  the  upper  part  of  the  car 
is  formed  by  dropping  down  the  ceiling  about  4  in.  from  the  roof 
framing  and  is  continuous  from  end  to  end  of  the  car  body.  Com- 
mtmication  between  the  car  interior  and  the  exhaust  chamber  is 
provided  by  a  number  of  openings,  each  containing  a  circular  ad- 
justable register.  By  proper  adjustment  of  the  registers  a  unifom 
velocity  of  air  through  all  of  them  is  obtained.  There  are  several 
intakes,  half  being  located  on  each  side  of  the  car  under  the 
seats  in  such  a  manner  as  to  be  readily  connected  to  the  electric 
heaters.  The  connection  between  the  screened  opening  through 
the  car  floor  and  the  electric  heater  is  made  with  a  pressed  metai 
duct.  The  size  and  number  of  the  intakes  is  such  as  to  permit  d 
a  maximum  velocity  of  the  air  of  about  400  ft.  per  minute,  whidi 
is  hardly  perceptible  to  passengers. 

Automatic  System  of  Ventilation.  The  automatic  systems  iQ* 
stalled  are  of  several  different  kinds,  but  all  depend  upon  aspirator 
action  for  their  operation.  One  of  these  automatic  systems  wfaidi 
has  shown  fair  results  comprises  a  number  of  exhausters  locatoi 
along  each  side  of  the  monitor  roof  and  attached  to  panels  placedn 
the  monitor  or  deck  window  openings.  An  opening  in  the  pand 
communicates  with  the  exhauster.  These  exhausters  are  also  de- 
signed for  use  with  plain  arch  roof  cars.  Intakes  similar  to  those 
described  in  connection  with  the  mechanical  system  are  located  in 
the  floor  and  provide  a  supply  of  fresh  air.  The  exhausters  aw 
rectangular  sheet-metal  boxes  projecting  outwardly  from  the  panels 
to  which  they  are  secured,  having  openings  top  and  bottom,  and 
provided  on  the  middle  of  each  side  face  with  V-shaped  projections. 
The  V  projections  are  placed  horizontally  on  the  faces  of  the  ex- 
hausters and  split  the  air  into  two  streams,  one  following  upward 
and  the  other  downward.  The  air  streams  flow  past  the  op>enifigs 
of  the  exhauster  and  by  induction  draw  the  air  out  from  the  car. 

Location  of  Air  Intake.  There  is  a  tendency  to  abandon  intakes 
near  the  floor  line  owing  to  street  dust.  On  a  nimiber  of  European 
lines,  notably  the  Budapest  suburban  system,  louver  type  ventilatois 
are  installed  over  the  side  sash  instead  of  using  a  monitor  roof. 

Tests  on  Ventilating  Systems.  On  Feb.  4  and  5,  1908, 
a  test  was  made  on  five  cars  of  the  Springfield  (Mass.)  Rail- 
way, three  cars  being  equipped  with  the  ordinary  deck  sash 
and  two  with  a  self-acting  intake  and  exhaust  system.  The 
outside  temperatures  during  the  test  ranged  from  10  deg.  to 
24  deg.  F.  and  averaged  about  17  deg.  F.  Anemometer  read- 
ings on  the  ventilat^  cars  showed  intakes  of  from  300  lin. 
ft.  to  900  lin.  ft.  of  air  per  minute,  with  exhausts  a  little  lower. 
Calibrated  thermometers  were  hung  at  various  levels  in  the  cars 
and  runs  were  made  in  both  ventilated  and  unventilated  cars 
during  approximately  the  same  hours  of  the  day  and  under  similar 
service  conditions.    In  the  ventilated  cars,  sixty-one  thermometer 
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Cleaning  Cars.  The  following  rules  govenuDg  car  cleamBg  at  the 
Boston  Elevated  Railway  Company's  surface  car  house,  as  given  in 
the  report  oE  the  A.E.R.E.A.  Joint  Committee  on  Engineeiing 
Accounting,  191 2,  were  carefully  worked  out  by  the  Department  ol 
Rolling  Stock  and  Shops  after  an  extended  study  of  the  work.  It 
covers  every  detail  of  cleaning  on  various  types  of  cars,  names, 
methods  of  work,  tools  to  use.  number  of  men  to  do  work,  intervals 
at  which  work  should  be  done,  time  required  for  the  job,  etc.  These 
rules  ate  followed  except  in  particularly  cold  weather  or  under  other 
unusual  weather  conditions,  when  the  rules  may  be  suspended  by 
the  direction  of  the  car  house  foreman.  It  should  be  noted  that  tht 
"Time  Required,"  in  the  first  tabulation,  is  a  maximum  on  15-ft. 
boi  cars,  the  time  allowed  on  other  cats  being  proportional  to  the 
surface  covered. 


No. 

Time  required 

Mop  painted  work  and  side  glass  (except 

One  matt  10  minuUi 

Mud  splashes  to  be  removed  with  wash  brush 

Daily  Cleani no— Interior  of 

Car 

^ 

SandiKs:  Sand  boxes  to  be  tested  by  drop- 

One 

man  4  minutes 

ping  sand  on  the  r«l,  then  fill  sand  boxes. 

Swirping  car  My.  vrsliMc  and  sUPs  by  the 

One 

following  method:  Sprinkle  lightly  steps, 

in  solution  with  water.     Tum  up  cushions. 

Dirt  from'  vestibule  and  steps  to  be  swept 
into  reieptacles.     Special  attention  to  be 
Eiven  to  dirt  around  controllers  and  brake 

nd  behind  cab   doors.     Proper 

be  used  for  removing  heavy  dirt. 

ite:  At  least    a   hours'  time    to 

One 

seen  sweeping  car  and  dusting 

lusted  as  follows:  All  of  the  in- 

r  body  and  vestibules  and  fixtures 
ncluding  window  and  monitor 

dusted  with  feather  duster,  ex- 

illowing,  y«.  1  lamps,  hand  strap 

isiVhi'ch'are  to.  be  wipe"  with 

Care  should  be  taken  to  see  that 

lot  left  loose  in  socket. 
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Periodical  Cleaning — Exterior  op  Car 


No. 


Frequency 
of  period 


Time 
required 


10 


II 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes. 

In  connection  mth  this  job  the  front 
windows  (inside)  of  vestibule  to  be 
washed  with  brush  and  water.  Vesti- 
bule dasher  sills  to  be  wiped  dry. 

Painted  wood  vfork,  dashers  and  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  suitable  scrub  brush. 
All  soap  to  be  removed  from  car  body 
afterward  by  thorough  rinsing  with 
clean  water.  Windows  to  be  thor- 
oughly cleaned  after  this  process. 

Monitor  and  ventilator  glass  to  be  cleaned 
by  wiping  with  dry  towel..^ 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 

Headlights  to  be  painted  after  thorough 
cleaning. 


After  each 
storm. 


Two  months. 


Two  weeks. 

Once  a 
m9nth. 
Twice  a  year. 


Two  men  15 

minutes 
each. 


Two  men  2 
hours  each. 


One  man 
minutes. 

One  man 
minutes. 

One  man 
minutes 


12 


10 


10 


Periodical  Cleaning — Interior  of  Car 


13  Glass  side  window  glass,  bulkhead  glass 
and  vestibule  glass  to  be  cleaned  with 
damp  chamois. 

13  Curtains  to  be  thoroughly  cleaned  with 
whisk  brooms  and-  then  wiped  with 
towels. 

14  Platforms  and  steps  loosening  all  caked 
dirt  with  suitable  scraper  and  removing 
same  with  whisk  broom. 

15  Dashers  to  be  washed  and  scrubbed 
using  com  broom  and  oil  soap  and 
water. 

16  Dashers  to  be  painted  with  quick  drying 
paint  furnished  by  Bartlett  St.  Shops, 
care  to  be  taken  that  paint  is  thor- 
oughly dry  before  car  goes  out.  (Paint 
will  probably  require  8  hours  to  dry.) 

17  Wood  work  in  car  bodies  and  vestibules  in- 
cluding monitor  glass  to  be  cleaned  by 
first  wiping  with  dry  towel  and  then 
washed  with  damp  sponge.  Specially 
clean  water  to  be  used  on  this  job. 
Heel  boards  only  may  be  washed  with 
oil  soap  and  water  if  conditions  require 
it. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 
month. 

Twice  a  year. 


Once  a 
month. 


One  man  30 
minutes. 

One  man   15 
minutes. 

One  man  10 
minutes.    . 

One  man   10 
minutes. 

One  man  10 

minutes. 


One  man   x 
hour. 


36 
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Cleaning  Cars.  The  following  rules  governing  car  deaning  at  the 
Boston  Elevated  Railway  Company's  surface  car  house,  as  given  in 
the  report  of  the  A.E.R.E.A.  Joint  Committee  on  Engineering 
Accounting,  191 2,  were  carefully  worked  out  by  the  Department  of 
Rolling  Stock  and  Shops  after  an  extended  study  of  the  work.  It 
covers  every  detail  of  cleaning  on  various  types  of  cars,  names, 
methods  of  work,  tools  to  use,  number  of  men  to  do  work,  intervals 
at  which  work  should  be  done,  time  required  for  the  job,  etc.  These 
rules  are  followed  except  in  particularly  cold  weather  or  under  other 
unusual  weather  conditions,  when  the  rules  may  be  suspended  by 
the  direction  of  the  car  house  foreman.  It  should  be  noted  that  the 
"Time  Required,"  in  the  first  tabulation,  is  a  maximum  on  25-ft 
box  cars,  the  time  allowed  on  other  cars  being  proportional  to  the 
surface  covered. 


26H-FT.,  25-FT.,  AND  20-FT.  Box  Cars  Daily  Cleaning — 

Exterior  of  Car 


No. 

Time  required 

I 
3 
3 

Mop  painted  work  and  side  glass   (except 

during  stormy  weather). 
Clean  vestibule  glass  with  damp  chamois  and 

towel. 
Mud  splashes  to  be  removed  with  wash  brush 

and  clean  water. 

One  man  10  minutes 
One  man  10  minutes 
One  man  10  minutes 

Daily  Cleaning — Interior  of  Car 


4 
S 


Sanding:  Sand  boxes  to  be  tested  by  drop- 
ping sand  on  the  rail,  then  fill  sand  boxes. 

Sweeping  car  body,  vestibule  and  steps  by  the 
following  method:  Sprinkle  lightly  steps, 
platform  and  interior  floor  with  disinfectant 
in  solution  with  water.  Turn  up  cushions. 
Sweep  floor  thoroughly  toward  and  onto 
vestibule. 

Dirt  from  vestibule  and  steps  to  be  swept 
into  receptacles.  Special  attention  to  De 
given  to  dirt  around  controllers  and  brake 
ratchets  and  behind  cab  doors.  Proper 
scraper  to  be  used  for  removing  heavy  dirt. 

Dusting:  Note:  At  least  2  hours*  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  car  body  and  vestibules  and  fixtures 
of  same,  including  window  and  monitor 
glass  to  be  dusted  with  feather  duster,  ex- 
cept the  following,  viz.:  lamps,  hand  strap 
poles,  hand  straps,  window  sifls,  dasher  sills, 
register  glass  which  are  to.  be  wiped  with 
dry  towel.  Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 


One  man  4  minutes 
One  man  12  minutes 


One  man  6  minutes 


Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (giving  car  number  in  all  cases),  the  following  defects,  viz.: 
Sand  boxes  failing  to  work  properly,  defective  light  circuits,  missing  spare 
lamps,  broken  glass,  missing  sign  sticks,  missing  cardboard  signs,  defective 
curtains,  broken  register  or  bell  cords,  exceptional  disorder  conditions  in 
cars  requiring  special  attention,  or  any  other  defects  that  may  come  to  their 
attention. 
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Periodical  Cleaning — Exterior  op  Car 


Frequency 
of  period 


Time 
required 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes. 

In  connection  mth  this  job  the  front 
windows  (inside)  of  vestibule  to  be 
washed  with  brush  and  water.  Vesti- 
bule dasher  sills  to  be  wiped  dry. 

Painted  wood  work,  dashers  and  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  suitable  scrub  brush. 
All  soap  to  be  removed  from  car  body 
afterward  by  thorough  rinsing  with 
clean  water.  Windows  to  be  thor- 
oughly cleaned  after  this  process. 

Monitor  and  ventilator  glass  to  be  cleaned 
by  wiping  with  dry  towel..^ 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 

Headlifihts  to  be  painted  after  thorough 
cleanmg. 


After  each 
storm. 


Two  months. 


Two  weeks. 

Once  a 
month. 
Twice  a  year. 


Two  men  is 
minutes 
each. 


Two  men  2 
hotu^  each. 


One  man 

minutes. 
One  man 

minutes. 
One  man 

minutes 


12 


10 


10 


Periodical  Cleaning — Interior  of  Car 


Glass  side  window  glass,  bulkhead  glass 
and  vestibule  glass  to  be  cleaned  with 
damp  chamois. 

Curtatns  to  be  thoroughly  cleaned  with 
whisk  brooms  and-  then  wiped  with 
towels. 

Platforms  and  steps  loosening  all  caked 
dirt  with  suitable  scraper  and  removing 
same  with  whisk  broom. 

Dashers  to  be  washed  and  scrubbed 
using  com  broom  and  oil  soap  and 
water. 

Dashers  to  be  painted  with  quick  drying 
paint  furnished  by  Bartlett  St.  Shops, 
care  to  be  taken  that  paint  is  thor- 
oughly dry  before  car  goes  out.  (Paint 
will  probably  require  8  hours  to  dry.) 

Wood  work  in  car  bodies  and  vestibules  in- 
cluding monitor  glass  to  be  cleaned  by 
first  wiping  with  dry  towel  and  then 
washed  with  damp  sponge.  Specially 
clean  water  to  be  used  on  this  job. 
Heel  boards  only  may  be  washed  with 
oil  soap  and  water  if  conditions  require 
it. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 
month. 

Twice  a  year. 


Once  a 
month. 


One  man  30 
minutes. 

One  man  15 
minutes. 

One  man  10 
minutes.    ■ 

One  man  10 
minutes. 

One  man  10 

minutes. 


One  man   x 
hour. 
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zo.  Couplers  should  be  placed  on  both  ends  of  the  cars. 
The  contour  Une  for  automatic  couplers  adopted  as  standard  by 
the  Master  Car  Builders'  Association  is  shown  by  Fig.  35. 

End  Connections  on  Interurban  Cars  Engaged  in  the  Inter- 
change of  Cars.  The  locations  of  the  various  end  connections  for 
interurban  cars,  adopted  as  recommended  practice  of  the 
A.E.R.E.A.,  are  shown  in  Fig.  36.    In  this  figure  the  locations 

shown  of  control  train  and  bus 
line  electropneumatic  and  trailer 
light  receptacles  are  such  as  to 
dear  end  doors  where  these  are 
employed  in   the   event  condi- 
tions  permit;    if   it   is    other- 
wise   required,    their    position 
may  be  altered,  but  the  re-loca- 
tion should  be  on  the  vertical 
center,  as  shown.      The   recep- 
tacles indicated  by  dotted  lines 
^    are  optional  when  not  required; 
*•    the  trailer  light  receptacles  are 
%    optional    when    bus    lines    are 
1     used.    The  headlight  receptade 
'  ^*''*\1    ^^^  bracket  and  trolley  retriever 
C\^       I      bracket  are  optional  when  not 
required. 

The  Standardization  Coin- 
mittee  of  the  Central  Electric 
Railway  Assodation  has  pro- 
posed a  standard  location  of 
electropneimiatic  signal  whistles 
and  wirings  as  shown  by  Fig.  37, 
and  also  a  standard  trailer  light 


Pig. 


3S. — Contour  line,  M.CB. 
standard  coupler. 


connector,  as  shown  by  Fig.  38. 
Coupler  with  Wire  and  Air 
Connections.  In  some  instances,  couplers  have  been  arranged  so 
that  the  one  operation  of  coupling  the  cars  also  makes  connec- 
tions for  the  air,  lights  and  signals.  Fig.  39  shows  the  home-made 
addition  to  a  car  coupler,  as  made  by  the  United  Railways  of  St 
Louis,  for  carrying  contacts  for  signal  and  lighting  drcuits. 

Train  Operation.  The  full  realization  of  the  advantages  of 
multiple-unit  operation  can  be  obtained  only  on  roads  having  ample 
substation  capadty  and  a  liberal  feeder  system,  although  the 
requirements  of  these  items  can  be  kept  within  very  reasonable 
limits  by  the  proper  training  of  the  motorman.  Where  muldple- 
unit  trains  are  employed,  it  is  usually  not  necessary  to  have  eiUier 
cars  or  equipment  as  large  as  if  they  were  operated  singly  at  all 
times.  The  predecessor  and  prindpal  competitor  of  the  muldple- 
unit  train  is  the  combination  of  the  motor  car  and  trailer.  If  the 
motors  are  of  suffident  capadty,  and  espedally  if  two-car  trains 
are  to  be  operated  for  oidy  short  periods  of  time,  trailer  operation 
may  be  more  economical  than  multiple-unit  operation.  Care 
should  be  taken  that  in  such  operation  the  motors  are  not  over- 
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loaded  dnce  tlie  excessive  heating  may  do  them  damage.  The 
effect  on  motors  of  pulling  a  trailer  may  be  seen  from  the  curves 
in  Figs.  40  and  41  which  are  reproduced  from  a  paper  by  Mr. 
Clarence  Renshaw,  Trans.  A.I.E.E..  1903.    Fig.  40  showing  rise 


Fic.  j6.-~A.E.R.E. 


in  temperature  of  motors  with  one  car  operating  singly  and  Fig. 
41  showing  the  rise  in  temperature  with  the  car  hauling  a  trailer 
during  the  rush  hours.  It  will  be  noted  that  the  presence  of  the 
trailer  for  one  trip  in  the  morning  when  the  motors  were  fairly  cool 
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only  caused  the  temperature  to  rise  much  more  rapidly  without 
causing  it  to  reach  any  higher  value,  but  in  the  afternoon  when  the 
motors  had  reached  die  temperature  where  they  would  otherwise 
have  remained,  the  addition  of  a  trailer  for  about  ifi  hours 
raised  the    temperature    in    this    case   approximately    25    deg. 


€ 


MOTOR.^CAR 
Trailer  UgMBus- 


3: 


SsfichscsLji. 


Signal  Line  Bus-^' 


TRAILER 
/Troiier  lighf  Jumpe> 


3 


^Signal  Une  Jumper 

•  Signals,  rf if  It  necessary  resisfance,  to  be  locaied  ^  as  lobe  audible  on  be/h 
si&es  of  bulkheads. 

•  Signal  line  eonnectorx  As  per  print  lh.B'thA* 

o  Trailer  lighf  conneciors,  asper  print  itaC-S-A,  used^fbr  tight  heater  and 

other  auxiliary  circuits. 
■  Signal  S9/S.  operated  bu  beii  cord,  and  connecting  trailer  light  with  signal 

line  bus.  ■  "^ 

Pig.  37. — C.E.R.A.  standard  location  of  signal  whistles  and  wiring. 

from  75  deg.  C.  The  use  of  trailers  for  rush-hour  service 
is  also  likely  to  cause  delay,  due  to  the  reduction  in  speed  on  account 
of  the  added  weight,  and  the  inability  of  the  trailer  to  move  by 
itself  causes  further  delay  in  backing  it  up,  dropping  it,  and  possibly 
shifting  it  at  stub-end  terminals.    Otherwise,  in  certain  classes 
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i       *iMe' 
KR.COPPER  CONTACT  SPRTGl        bSnN^!^ 

^         ® 


NO.  14-20  B«AS^MACH.Snjp, 


■ji'- 


Hex.  Coble ' 
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BRASS  CONTACT  PUJG 

•    Pig.  38. — C.E.R.A.  standard  trailer  light  connector. 


No  6-32  Round  Hd 
Brass  MachSvms 


of  service  the  trailer  operation  may  be  very  successful  without 
causing  injury  to  the  motor  equipment,  especially  by  taking  ad- 
vantage of  the  thermal  capacity  of  the  motors  in  attaching  trailers 
to  motor  cars  which  have  been  out  of  service  for  s  or  6  hours 
and  leaving  them  attached  for  only  a  limited  litunber  of  trips. 
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It  may  be  posMble,  also,  to  compensate  for  the  extra  load  by  a  reduc- 
tion in  the  number  of  stops  which  would  ordinarily  be  made  by  the 
motor  car  without  the  trailer.     With  multiple-unit  operation  it 


is  of  course  possible  to  apply  motors  to  the  cars  more  efficieotly, 
both  as  to  size  and  gear  ratio,  than  if  trailer  operation  had  to  be 
provided  for,  but  on  the  other  hand,  the  motor  equipment  on  all 
cars,  includins  those  used  as  the  second  car,  represents  considerable 


dead  „, 

quently.     .u  m 
i^  instead  of 


.id  tra   .  .   _ 

lie  exception,  there 


operation  is  resorted  to  only  infre- 
where  train  operation  is  the 
is  of  course  no  question  as  to 
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liie  advantage  of  tnultiple-unit  operation,  thu3  distributing  the 
motors  among  the  ajdes  all  along  the  train,  reducing  the  capacity 
of  the  angle-motor  equipments,  and  making  available  for  traction 
a  much  greater  proportion  or  all  of  the  we^ht  of  the  entire  train. 
Tiie  Public  Service  Railway  Company  of  New  Jersey  recently 
conducted  a  aeries  of  experiments  with  the  view  of  determining 
the  merits  of  multiple-unit  train  operation  as  applied  to  dty 
service;  whether  the  operation  of  two-car  trains  m  dty  service 


Pig.  41. — Motor  temperature,  with  rash  hour  trailer, 
was  ecODomical  and  desirable;  and  the  combination  and  number  lA 
motors  best  suited  for  such  operation.     Comparative  tests  were 
made  with  six  trains,  the  following  description  being  taken  from 
Aera,  191^ :    The  trains  tested  comprised  two  single  cars,  one  four- 

,  one  train  of  two 

_   _ _   .       ur-motor  car  and  trailer. 

Motors   were   Weslinghouse   No.   307,   with   HL   control.     Some 
of  the  operating  results  are  as  follows: 


>r  and  one 


Class  of  train 

Per  cent,  of 
standard 

Kilowatts  per 

Watt-hojijape. 
percent. 

T^'ZTsf"^ 

''". 

ISoJ 

0<,'.t 

,00.0 

TrESI 

Ddon 

two- 

91.6 
83. 5 

Four-motor  car 

indtrs 

1«.,. 

The  above  shows  that  the  four-motor  cars,  either  angle  or  in  ' 
trdns,  kept  fairly  close  to  the  standard  running  time.  A  train 
made  up  of  a  four-motor  car  and  a  two-motor  car  lost  a  little  time, 
but  not  as  much  as  the  two-motor  cars,  either  single  or  connected. 
The  tour-motor  car  with  trailer  fell  much  further  behind.  The 
energy  consumption  figures  are  taken  from  typical  rush-hour 
trips  in  the  direction  of  travel,  and  it  will  be  noted  that  the  two- 
motor  cars  show  a  saving  of  about  30  per  cent,  in  energy  con- 
sumption per  car  mile  over  the  four-motor  cars.    This,  berause  o( 
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the  lighter  weight  of  the  two-motor  cars,  corresponds  to  about  20 
per  cent,  per  ton  mile.  The  six-motor  train  shows  a  saving  of  about 
14  per  cent,  per  car  mile,  or  about  8  per  cent,  per  ton  mile,  as  com- 
pared with  the  eight-motor  train.  The  motor  car  with  trailer 
shows  a  slight  saving  on  a  car-mile  basis,  but  over  10  per  cent,  more 
energy  consumption  per  ton  mile  than  a  train  of  two  similar  motor 
cars. 

The  six-motor  train  seems  to  be  worthy  of  special  consideration 
for  this  class  of  service.  Its  running  time  was  very  nearly  as  good 
as  that  of  the  eight-motor  train  or  of  the  single  four-motor  car,  and 
at  the  same  time  it  showed  a  saving  of  7.4  per  cent,  in  energy  con- 
sumption per  ton  mile  and  about  twice  as  much  per  car  mile.  It 
has  none  of  the  disadvantages  of  trailer  operation  and  it  would  seem 
to  be  entirely  feasible  to  operate  the  two-motor  cars  singly  during 
the  middle  of  the  day  for  a  larger  part  of  the  year  and  thus  secure 
the  still  greater  energy  economy  as  shown  by  the  two-motoi  car  tests. 
If,  however,  weather  or  rail  conditions  make  it  advisable,  the 
four-motor  cars  could  be  run  throughout  the  day,  while  the  com- 
bination of  a  two-motor  and  a  four-motor  car  in  the  rush  hours  would 
meet  the  conditions  of  heavy  travel  much  more  satisfactorily  than  a 
train  of  two  two-motor  cars,  and  practically  as  well  as  an  eight- 
motor  train.  The  report  on  the  Public  Service  tests  concludes  that 
train  operation  in  city  service  is  desirable  under  certain  condi- 
tions and  during  certain  periods  of  the  day.  This  is  indicated 
(i)  by  the  facilities  which  train  operation  provides  for  handling 
rush-hour  loads  and  traffic  of  extraordinary  proportions;  (2)  by 
the  relief  ofiFered  through  congested  sections  by  operation  in  trains 
instead  of  as  single  units;  (3)  by  the  reduction  in  platform  ex- 
pense which  train  operation  makes  possible  in  comparison  with 
single  cars. 

In  the  operation  of  two-car  trains,  it  is  desirable  that  all  en- 
trances shoiild  be  at  the  middle  of  the  train  (near  side  trailer  and 
far-side  motor)  in  order  to  eliminate  the  hesitation  factor  which 
existed  in  the  Public  Service  tests. 

Miscellaneous  Equipment  for  Interurban  Cars.  The  Committee 
on  Maintenance  and  Inspection,  A.E.R.E.A.,  1908,  recommends 
^t  interurban  cars  should  never  be  put  in  service  without  the 
following  miscellaneous  equipment: 

Three  sets  of  flags  (red,  white  and  green);  telephone,  where 
standard  to  the  road;  classification  and  marker  lamps  where  oil 
lamps  are  used;  two  trolley  pickups;  one  coupler  or  pulling  bar;  one 
pull  rope;  coupling  link  and  pin;  extra  supply  of  air  pumps  and 
jight  fuses  (also  car  and  control  fuses  where  used) ;  fire  extinguisher 
in  working  order;  one  extra  troUey  pole,  fully  equipped,  on  top  of 
the  car;  one  extra  trolley  rope,  or,  better  still,  one  extra  retriever 
equipped  with  rope;  one  trolley  retriever  in  its  place  on  the  rear 
^h;  one  headlight  in  its  place  on  the  front  dash,  for  signal  use. 
*J*ses  and  torpedoes  should  be  on  each  car.  The  crew  should  have 
both  red  and  white  lanterns  in  good  condition,  and  sufficient  tools 
to  change  the  trolley  pole  or  make  other  light  repairs.  Interurban 
cars  should  also  carry  a  wrecking  outfit  with  axe,  saw,  jack  and 
crowbar. 
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Cleaning  Cars.  The  following  rules  governing  car  cleaning  at  the 
Boston  Elevated  Railway  Company's  surface  car  house,  as  given  in 
the  report  of  the  A.E.R.E.A.  Joint  Committee  on  Engineering 
Accounting,  191 2,  were  carefully  worked  out  by  the  Department  of 
Rolling  Stock  and  Shops  after  an  extended  study  of  the  work.  It 
covers  every  detail  of  cleaning  on  various  types  of  cars,  names, 
methods  of  work,  tools  to  use,  number  of  men  to  do  work,  intervals 
at  which  work  should  be  done,  time  required  for  the  job,  etc.  These 
rules  are  followed  except  in  particularly  cold  weather  or  under  other 
unusual  weather  conditions,  when  the  rules  may  be  suspended  by 
the  direction  of  the  car  house  foreman.  It  should  be  noted  that  the 
"Time  Required,"  in  the  first  tabulation,  is  a  maximum  on  25-ft 
box  cars,  the  time  allowed  on  other  cars  being  proportional  to  the 
surface  covered. 

26^-FT.,  25-rT.,  AND  20-rT.  Box  Cars  Daily  Cleaning — 

Exterior  of  Car 


No. 


Time  required 


I 
3 
3 


Mop  painted  work  and  side  glass  (except 

during  stormy  weather). 
Clean  vestibule  glass  with  damp  chamois  and 

towel. 
Mud  splashes  to  be  removed  with  wash  brush 

and  clean  water. 


One  man  10  minutes     j 
One  man  10  minutes 
One  man  10  minutes 


Daily  Cleaning — Interior  of  Car 


4 
5 


Sanding:  Sand  boxes  to  be  tested  by  drop- 
ping sand  on  the  rail,  then  fill  sand  boxes. 

Sweeping  car  body,  vestibule  and  steps  by  the 
following  method:  Sprinkle  lightly  steps, 
platform  and  interior  floor  with  disinfectant 
in  solution  with  water.  Turn  up  cushions. 
Sweep  floor  thoroughly  toward  and  onto 
vestibule. 

Dirt  from  vestibule  and  steps  to  be  swept 
into  receptacles.  Special  attention  to  be 
given  to  airt  around  controllers  and  brake 
ratchets  and  behind  cab  doors.  Proper 
scraper  to  be  used  for  removing  heavy  dirt. 

Dusting:  Note:  At  least  2  hours'  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  car  body  and  vestibules  and  fixtures 
of  same,  including  window  and  monitor 
glass  to  be  dusted  with  feather  duster,  ex- 
cept the  following,  viz.:  lamps,  hand  strap 
poles,  hand  straps,  window  sills,  dasher  sills, 
register  glass  which  are  to.  be  wiped  with 
dry  towel.  Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 


One  man  4  minutes 
One  man  la  minutes 


One  man  6  minutes 


Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (giving  car  number  in  all  cases),  the  following  defects,  viz.: 
Sand  boxes  failing  to  work  properly,  defective  light  circuits,  missing  spare 
lamps,  broken  glass,  missing  sign  sticks,  missing  cardboard  signs,  d^ective 
curtains,  broken  register  or  bell  cords,  exceptional  disorder  conditions  in 
cars  requiring  special  attention,  or  any  other  defects  that  may  come  to  their 
attention. 
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Periodical  Cleaning — Exterior  op  Car 


No. 


Frequency 
of  period 


Time 
required 


8 


9 

10 

II 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes. 

In  connection  with  this  job  the  front 
windows  (inside)  of  vestibule  to  be 
washed  with  brush  and  water.  Vesti- 
bule dasher  sills  to  be  wiped  dry. 

Painted  wood  work,  dashers  and  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  suitable  scrub  brush. 
All  soap  to  be  removed  from  car  body 
afterward  by  thprough  rinsing  with 
clean  water.  Windows  to  be  thor- 
oughly cleaned  after  this  process. 

Monitor  and  ventilator  glass  to  be  cleaned 
by  wiping  with  dry  towel. 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 

Headlights  to  be  psdnted  after  thorough 
cleaning. 


After  each 
storm. 


Two  months. 


Two  weeks. 

Once  a 
month. 
Twice  a  year. 


Two  men  15 
minutes 
each. 


Two  men  2 
hours  each. 


One  man 
minutes. 

One  man 
minutes. 

One  man 
minutes 


12 


10 


10 
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12  Glass  side  window  glass,  bulkhead  glass 
and  vestibule  glass  to  be  cleaned  with 
damp  chamois. 

13  Curtatns  to  be  thoroughly  cleaned  with 
whisk  brooms  and-  then  wiped  with 
towels. 

14  Platforms  and  steps  loosening  all  caked 
dirt  with  suitable  scraper  and  removing 
same  with  whisk  broom. 

15  Dashers  to  be  washed  and  scrubbed 
using  com  broom  and  oil  soap  and 
water. 

16  Dashers  to  be  painted  with  quick  drying 
paint  furnished  by  Bartlett  St.  Shops, 
care  to  be  taken  that  paint  is  thor- 
ottghly  dry  before  car  goes  out.  (Paint 
will  probably  require  8  hours  to  dry.) 

17  Wood  work  in  car  bodies  and  vestibules  in- 
cludingf  monitor  glass  to  be  cleaned  by 
first  wiping  with  dry  towel  and  then 
washed  with  damp  sponge.  Specially 
clean  water  to  be  used  on  this  job. 
Heel  boards  only  may  be  washed  with 
oil  soap  and  water  if  conditions  require 
it. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 

month. 

Twice  a  year. 


Once  a 

month. 


One  man  30 
minutes. 

One  man   15 
minutes. 

One  man  10 
minutes.    . 

One  man   10 
minutes. 

One  man  10 
minutes. 


One  man   i 
hour. 
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elude  that,  other  things  bdnge<]ual,  the  higlier  the  center  of  gravity, 
mthin  the  limits  of  sale  operation,  the  better  wiil  be  the  higo-speed 
tracking  characteristic  of  the  locomotive.  It  is  not  conservative, 
however,  to  assume  that  high  center  of  gravity  is  the  only  method  oi 
attaining  good  tracking  qualities.  The  essential  feature  is  that  the 
muD  mass  of  the  locomotive  follow  the  general  direction  of  the 
track,  and  that  the  minimum  oC  mass  follow  the  slight  riul  irr<%u- 
larities.    Any  feature  tending  to  this  end  should  receive  most  thor- 


«x^P^5<l 


ough  consideration,  and  should  be  condemned  only  when  it  is  evi- 
dent that  it  involves  features  so  serious  as  to  over^dow  the  desir- 
able qualities.  High  center  of  gravity  has  been  singled  out  because 
"P  to  the  present  time  it  seems  to  be  the  feature  which  has  to  the 
greatest  extent  been  successful  in  actual  service. 

The  problem  of  weight  equalization  on  the  various  wheels  is 
closely  associated  with  the  choice  of  wheel  arrangement.  In  high- 
sn™f    ...,^  locomotives  for  single  end  operation  a  three-point 
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equalization,  with  one  point  leading  and  two  points  trailing,  is 
almost  universal.  It  is  obviously  a  mechanical  impossibility  to 
design  a  stable  locomotive  with  a  three-point  suspension  with  a 
single  point  on  each  end,  as  the  three  points  must  then  be  in  a 
straight  line.  Thus  in  double  end  operation  we  are  face  to  face 
with  one  of  three  things:  First,  running,  so  to  speak,  feathers  to  the 
front,  part  of  the  time;  second,  a  departure  from  the  three-point 
suspension;  third,  some  automatic  method  of  modifying  the  sus- 
pension so  that  a  single  point  wiU  always  lead  with  two  points 
trailing.  The  plate  steel  frame  seems  again  to  offer  possibili- 
ties, because  it  can  be  made  with  some  torsional  flexibility,  whidi 
will  tend  to  justify  a  four-point  equalization.  In  Europe  many 
steam  locomotives  are  made  entirely  without  equalizing  levers,  the 
effect  of  equalization  being  secured  by  a  rather  flexible  spring  ova 
each  wheel,  whidi,  together  with  the  flexibility  of  the  plate  frames, 
seems  to  give  a  sufficient  equalization.  It  should  be  noted,  however, 
that  the  European  practice  is  radically  different  from  our  American 
practice  in  many  features.  The  wheel  weights  and  the  track 
construction  vary  greatly,  while  the  inspection  and  adjustment  of 
machines  is  followed  very  much  more  closely  in   Europe  than 


Fig.  71. — Locomotive  drives,  Iroetschberg  tunnel. 

in  this  coimtry.  Some  of  the  prominent  American  builders  art 
advocating  a  departure  from  the  three-point  suspension  in  the 
case  of  large  rigid  frame  electric  locomotives.  The  biurden  of  the 
proof  evidently  rests  on  the  foxir-point  suspension,  as  the  steam  loco- 
motive has  proven  that  a  machine  with  a  three-point  suspension 
and  high  center  of  gravity  wiU  run  at  high  speed  in  one  direction 
with  a  surprisingly  small  amount  of  injury  to  the  track. 

The  development  of  the  steam  locomotive  has  shown  that  as 
higher  speeds  were  required  it  became  necessary  to  increase  the 
diameter  of  the  driving  wheels.  This  increase  reduces  the  cost  01 
maintaining  both  the  rolling  stock  and  the  right  of  way.  The 
increase  in  speed  meant  a  corresponding  increase  in  power  with 
added  weight  and,  therefore,  greater  wheel  loads.  To  carry  this 
load  it  was  necessary  to  have  either  a  greater  contact  area  between 
the  wheel  and  the  rail,  such  as  is  secured  by  large  drivers,  or  d^ 
to  have  better  material  in  the  rails  and  the  tires.  Eventujdly  both 
improvements  were  adopted  and  it  shoidd  be  noted  that  a  continual 
research  is  in  progress  looking  toward  the  production  of  still  better 
materials.  This  saving  of  the  track,  however,  was  in  a  measure  a 
secondary  consideration,  as  it  seems  to  be  impracticable  to  opent^ 
connecting  rods  at  more  than  400  r.p.m.  The  high  piston  speed 
involved  in  a  greater  number  of  revolutions  also  becomes  trouble* 
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some.  The  rough  and  ready  rule,  at  present  in  favor,  is  to  design 
the  driving  wheels  of  steam  locomotives  for  what  is  termed  "inch 
diameter  speed,"  which  means  a  locomotive  speed  of  a  mile  per 
hour  for  every  inch  diameter  of  the  driving  wheels. 

Only  one  marked  difiference  in  brake  rigging  between  steam  and 
electric  locomotives  need  be  noted.  A  greater  brake-shoe  pressure 
upon  the  tires  is  necessary  in  the  electric  locomotive  than  in  the 
steam  locomotive  of  the  same  weight,  since  in  the  steam  locomotive 
most  of  the  stored  energy  in  the  moving  mass  is  energy  of  linear 
motion,  there  being  only  a  small  percentage  of  rotative  energy 
stored  in  the  wheels.  But  in  the  electric  locomotive,  especially  if 
equipped  with  powerfid  geared  motors  with  a  large  gear  reduction, 
the  energy  of  rotation  is  a  surprisingly  large  percentage  of  the  total 
energy  stored  in  the  moving  mass,  and  the  friction  of  the  brake-shoes 
on  the  tires  must  dissipate  all  of  this  stored  energy. 


SECTION  X 
TRANSMISSION  AND  DISTRIBUTION 

Contact  Conductor,  A.I.E.E.  Standardization  Rules 

303  Contact  Conductors :  That  part  of  the  distribution  system 
other  than  the  traffic  rails,  which  is  in  immediate  electrical  contact 
with  the  circuits  of  the  cars  or  locomotives,  constitutes  the  contact 
conductors. 

394    Contact  Rail :    A  rigid  contact  conductor. 
^  395    Overhead  Contact  Rail  :    A  contact  rail  above  the  eleva- 
tion of  the  maximum  equipment  line. 

(The  contour  which  embraces  cross-sections  of  all  rolling  stock  under  all 
normal  operating  conditions.) 

39^  Third  Rail:  A  contact  conductor  placed  at  either  side  of 
the  track,  the  contact  surface  of  which  is  a  few  inches  above  the 
level  of  the  top  of  the  track  rails. 

397  Center  Contact  Rail:  A  contact  conductor  placed  be- 
tween the  track  rails,  having  its  contact  surface  above  the  ground 
level. 

39^  Underground  Contact  Rail:  A  contact  conductor 
placed  beneath  the  ground  level. 

399  Gage  of  Third  Rail:  The  distance,  measured  parallel  to 
the  plane  of  running  rails,  between  the  gage-line  of  the  nearer  track 
ran  and  the  inside  gage-line  of  the  contact  surface  of  the  third  rail. 

400  Elevation  op  Third  Rail:  The  elevation  of  the  contact 
surface  of  the  third  rail,  with  respect  to  the  plane  of  the  tops  of 
nmning  rails. 

401  Standard  Gage  op  Third  Rails  :  The  gage  of  third  rails 
shall  be  not  less  than  26  in.  (66  cm.)  and  not  more  than  27  in. 
(68.6  cm.). 

40a  Standard  Elevation  op  Third  Rails  :  The  elevation  of 
third  rails  shall  be  not  less  than  2H  in.  (69  mm.)  and  not  more 
than  3^  in.  (89  mm.). 

403  Third  Rail  Protection:  A  guard  for  the  purpose  of  pre- 
venting accidental  contact  with  the  third  rail. 

4^4  Trolley  Wire :  A  flexible  contact  conductor,  customarily 
supported  above  the  cars. 

,405  Messenger  Wire  or  Cable :  A  wire  or  cable  running  along 
with  and  supporting  other  wires,  cables  or  contact  conductors. 

A  primary  messenger  is  directly  attached  to  the  supporting  sys- 
tem. A  secondary  messenger  is  intermediate  between  a  primary 
messenger  and  the  wires,  cables  or  .contact  conductors. 

406  Classes  of  Construction:  Overhead  trolley  construction 
»nll  be  classed  as  Direct  Suspension  and  Messenger  or  Catenary 
Suspension. 
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407  Direct  Suspension:  All  forms  of  overhead  trolley  con- 
struction in  which  the  trolley  wires  are  attached,  by  insidating 
devices,  directly  to  the  main  supporting  system. 

408  Messenger  or  Catenary  Su  spension  :  All  forms  of  over- 
head trolley  construction  in  which  the  trolley  wires  are  attached, 
by  suitable  devices,  to  one  or  more  messenger  cables,  which  in  turn 
may  be  carried  either  in  Simple  Catenary,  i.e.,  by  primary  messen- 
gers, or  in  Compound  Catenary j  i.e.,  by  secondary  messengers. 

409  Supporting  Systems  shall  be  classed  as  follows: 

410  Simple  Cross- span  Systems:  Those  systems  having  at 
each  supp>ort  a  single  flexible  span  across  the  track  or  tracks. 

41 1  Messenger  Cross-span  Systems  :  Those  systems  having 
at  each  support  two  or  more  flexible  spans  across  the  track  or 
tracks,  the  upper  span  carrying  part  or  all  of  the  vertical  load 
of  the  lower  span. 

412  Bracket  Systems  :  Those  systems  having  at  each  support 
an  arm  or  similar  rigid  member  supported  at  only  one  side  of  the 
track  or  tracks. 

413  Bridge  Systems  :  Those  systems  having  at  each  support  a 
rigid  member  supported  at  both  sides  of  the  track  or  tracks. 

414  Standard  Height  of  Trolley  Wire  on  Street  and 
Interurb AN  Railways  :  It  is  recommended  that  supporting  struc- 
tures shall  be  of  such  height  that  the  lowest  point  of  the  troU^ 
wire  shall  be  at  a  height  of  18  ft.  (5.5  m.)  above  the  top  of  twl 
under  conditions  of  maximum  sag,  unless  local  conditions  prevent. 
On  trackage  operating  electric  and  steam  road  equipment  and  at 
crossings  over  steam  roads,  it  is  recommended  that  the  trolley 
wire  shall  be  not  less  than  21  ft.  (6.4  m.)  above  the  top  of  rail, 
under  conditions  of  maximum  sag. 

Overhead  Trolley  ConstmctiQii 

The  following  notes  on  overhead  trolley  construction  are  princi- 
pally taken  from  the  Recommended  Specifications  of  the  Ameiicaa 
Electric  Railway  Engineering  Association. 

Classes.  Overhead  trolley  construction  may  be  classed  as  (a) 
direct  suspension,  (b)  catenary  suspension.  Direct  sus{>ension 
comprises  construction  in  which  the  trolley  wires  are  attached,  by 
suitable  devices,  directly  to  the  main  supporting  system.  Catenary 
suspension  comprises  construction  in  which  the  trolley  wires  are 
attached,  by  suitable  devices,  to  one  or  more  messenger  cables  which 
in  turn  are  carried  (a)  in  simple  catenary,  by  main  supporting 
system;  or  {b)  in  compound  catenary,  by  secondary  messengers 
which  in  turn  are  carried  by  the  main  supp>orting  system. 

Supporting  systems  for  direct  or  catenary  suspension  may  be 
classed  as: 

(a)  Simple  span,  comprising  those  systems  having  at  each  point  of  sup- 
port a  single  flexible  member  attached  at  both  sides  of  the  track  or  tracks. 

(b)  Compound  span,  comprising  those  systems  having  at  each  point  of 
support  two  or  more  flexible  members  attached  at  both  sides  of  the  track 
or  tracks,  the  upper  member  carrying  part  or  all  of  the  vertical  load  of  the 
lower  member. 

(c)  Bracket,  comprising  those  systems  having  at  each  point  of  support  an 
arm  or  similar  rigid  member  attached  at  one  side  only  of  the  track  or  tracks. 
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(d)  Bridge,  comprising  those  systems  having  at  each  point  of  support  a 
rigid  member  attached  at  both  sides  of  the  track  or  tracks. 

Supporting  structures  are  the  devices  which  sustain  the  support- 
ing system,  and  may  be  poles,  whether  of  wood,  steel,  or  concrete, 
towers,  buildings,  trees,  or  any  other  form  of  support,  together  with 
their  anchors,  guys,  braces  and  similar  reinforcing  attachments. 
The  type  of  supporting  structure  will  be  governed  largely  by  local 
conditions.  In  general,  natiural  wood  (or  concrete)  poles  are  used 
for  all  interurban  construction  and  wherever  else  practicable;  steel 
poles  may  be  used  in  streets  if  so  desired;  sawed  poles  and  tree 
attachments  should  not  be  employed,  and  building  attachments 
should  be  used  only  when  local  authorities  compel  such  use,  in 
which  case  special  precautions  and  construction  will  be  necessar}-. 
(Seepage  294.) 

Pole  Framilng.  Before  setting,  wood  poles  should  be  roofed,  butts 
squared,  entire  pole  rough  shaved,  knots  smoothed,  gains  and  faces 
made,  and  roof,  gains  and  faces  given  a  coat  of  preservative  or 
paint.  The  size,  number  and  location  of  hole^,  faces  and  gains 
vary.  In  general:  holes,  unless  specifically  noted  otherwise, 
should  be  of  same  size  as  bolt  or  rod  for  which  intended.  Faces 
should  be  of  sufficient  area  and  of  proper  shape  to  receive  their  fit- 
tings, and  should  have  about  H  in*  margin  outside;  they  should  be 
slightly  hollowed  to  prevent  rocking  of  fitting.  Gains  should  be 
square  with  axis  of  pole,  H  in.  minimum  depth,  of  width  to  secuie 
snug  fit  of  arm,  and  slightly  hollowed  to  prevent  rocking.  The 
roof  should  have  a  pitch  angle  of  45  deg.  and  should  be  either 
a  wedge  with  edge  parallel  to  line  when  pole  is  set,  or  a  cone. 

Pole  Clearances.  On  private  right  of  way  and  elsewhere  when 
practicable,  side  supports  should  be  set  with  a  minimum  clear  dis- 
tance of  7  ft.  6  in.  from  center  line  of  track  to  face  of  support  at  levd  of 
top  of  rail,  and  center  supports  should  have  a  minimum  clearance 
of  7  ft.  from  center  of  track,  this  clearance  to  be  increased  if  neces- 
sary on  curves  to  allow  for  rail  elevation  and  car  overhang.  Where 
curb  lines  are  established,  poles  should  be  set  just  behind  the  cuib 
itself  unless  local  ordinances  or  conditions  prescribe  other  locatioo. 

Pole  Spacing.  Poles  on  tangents  should  be  normally  spaced  not 
less  than  90  ft.  and  not  more  than  no  ft.  apart.  Poles  on  curves 
should  be  set  as  nearly  as  practicable  in  accordance  with  the 
table  on  page  601. 

Pole  Setting — Depth  of  Holes.  Pole  holes  in  level  ground 
should  have  depths  as  follows : 

Depth  of  hole 


Length  of  pole  (feet) 

In  rock  or  concrete 

In  earth 

30 

5  ft.  0  in. 

6  ft.  0  in. 

35 

5  ft.  6  in. 

6  ft.  0  in. 

40 

5  ft.  6  in. 

6  ft.  6  in. 

45 

6  ft.  0  in. 

6  ft.  6  in. 

50 

6  ft.  6  in. 

7  ft.  0  in. 

55 

6  ft.  6  in. 

7  ft.  6  in. 

60 

7  ft.  0  in. 

8  ft.  0  in. 

65 

7  ft.  0  in. 

8  ft.  6  in. 

70 

7  ft.  0  in. 

9  ft.  0  in. 

In  very  compact  soil  pole  holes  may  have  depths  intermedial 
between  those  for  same  lengths  in  rock  or  concrete,  and  in  eartl 
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The  depth  o(  a  hole  on  slooing  ground  should  be  measured  ttam  the 
low^  ade  of  the  hole;  ana  ia  very  sleepslopesandin  loose  or  other- 
wise doubtful  material  the  depth  should  be  increased  ovei  the 
sUadud  depth  by  ao  amount  to  be  determined  for  each  case  oa  the 
ground. 

Buiel  Hides.  In  material  which  cavee  freely  one  oi  more  bar- 
rels or  the  tike  may  be  used  as  casing,  and  driven  down  as  the 
material  is  dug  from  inside.  Such  burds  or  casings  may  be  of 
nood  or  steel  and  should  be  of  suffideat  size  to  give  dear  tamfung 
room  of  at  least  6  in.  around  the  pole  without  cutting  the  Utter. 

Kake.  Wood  poles  with  brackets  should  iti  general  have  a  rake 
from  the  track  of  6  in.  in  34  ft.;  steel  poles  with  brackets,  of  3  in.  in 
24  ft.    Wood  poles  with  span  ^ould  have  a  rake  from  the  track  of 


on  the  in^de  of  a  curve,  brace  poles  or  head  guys  should  be  used, 
and  standard  lake  maintained.  Double  bracket  poles  should  be  set 
without  rake;  other  poles  between  tracks,  and  poles  under  outside 
jurisdiction  may  be  so  set  if  Decessary  or  lequiied. 

Keys.    All   spaa  polea  as  well  as  bracket  poles  on  curves  of 
Mdiua  less  than  2400  It.,  and  such  other  poles  as  may  be  desig- 
nated because  of  unusual  load  conditions,  should  be  provided  with 
suitable  keys  of  wood, stone,  or  concrete,  at  least  4  in.  thick  with^ 
cross-section  not  less  than  31  sq.  in.    One  key  3  ft.  long  should 
be  placed  on  edge  behind  &e  pole 
al  the  bottom  of  the  hole;  the  other 
key  4  ft.  long  should  be  placed  on 
edge  in  front  of  the  pole  just  below 
the  surface  of  the  ground. 

Refining  Holes.  In  setting  poles 
the  excavated  material,  if  suitable, 
sliould  be  replaced  in  thin,  even 
layers,  and  bimly  and  thoroughly 
Uinp^,  not  more  than  one  shoveller 
serving  three  tampers,  until  the  hole 
is  completely  filled,  after  which  the 
earth  should  be  well  packed  around 
the  pole  in  a  small  mound,  and  if  on 
a  slope  there  should  be  made  on 
the  lower  side,  a  bens  at  least  6  ft. 
wide  from  pole  to  edge.  In  rock 
holes  the  broken  rock  should  be  used 
to  thoroughly  wedge  the  pole  in 
place.  Black  loam  and  similar  poor 
niaterial  should  be  replaced  by  suit- 
able material.  p,c.  j._coocrMe  pole  Kitin«. 

Concrete  Settings.     Poles  subject 
to  heavy  lateral  strains  which  cannot  well  be  met  b_y  guying  or 
bradng  may  be  set  in  concrete  mixed  wet  and  consisting  of  o— 


1  with  holes  i 
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diameter.    Concrete  settings  should  have  a  diameter  at  least  12 
in.  greater  than  that  of  the  pole,  and  should  completely  fill  polej 
hole  to  a  level  6  in.  below  surface  of  the  ground.     In  parking 
strips  the  authorities  may  require  the  concrete  to  finish  at  this 
level,  but  such  latter  practice  is  undesirable.    Wherever  practicable! 
the  concrete  should  be  finished  as  indicated  in  Fig.  2.    See  alspj 
page  781. 

Span  Wires  Attached  to  Buildixigs.  Building  owners  in  crowded) 
districts  sometimes  prefer  to  have  span  wires  attached  to  thdrl 
buildings  rather  than  to  have  poles  in  front-of  the  buildings.  Eytj 
bolts  for  the  purpose  are  sometimes  placed  in  the  building  duiinf 
construction.  As  a  means  of  suspension  such  an  arrangement  il 
satisfactory  but  it  must  be  borne  in  mind  that  it  subjects  the  buildii 
to  unusual  strains  and  the  wires  are  more  dangerous  in  case 
breakage  as  they  are  over  the  sidewalk  and  will  sweep  it  with  moi 
force  than  when  attached  to  poles. 

Span  and  Guy  Attachments.    Span  and  guy  attachments  may 
made  up  with  such  of  the  following  forms  as  may  be  desired: 


C 


Wrap  with  N0.12  Win 


\J      \J       \J 

Pig.  3. — Thimble  end  attachment. 

Thimble  End.    (Fig.  3.)    Thimble  end  may  be  made  by  bendii 
strand  around  thimble  of  proper  size.    The  strand  end  should 
extend  15  in.  beyond  thimble,  and  should  be  secured  by  a  three  bol 

clamp  close  to  thimble,  an! 
by  a  serving  of  about  10 1\ 
of  No.  12  galvanized  wire 
in.  from  end  of  strand. 
Two-turn     Wrap.      Two- 
pirrir^  tum  wrap  may  be  made  by 

J  taking  strand  around  pole 
twice.  If  at  end  of  span  or 
guy,  the  end  of  the  strand 
should  extend  30  in.  be3rond 
the  face  of  pole  and  should 
be  secured  to  main  part  by 
a  three  bolt  clamp  1 5  in.  from  face  of  pole  and  by  a  serving  of 
about  10  turns  of  No.  12  galvanized  iron  wire  i  in.  from  end  of 
strand.  If  hitch  is  at  an  intermediate  point  in  span  or  guy  it 
should  be  secured  by  a  three  bolt  clamp  on  the  outside  parts  of 
the  strand,  the  center  bolt  of  clamp  being  replaced  by  a  lag  screw 
into  the  pole  as  shown  by  Fig.  4. 

Close  Tie  (Fig.  5.)  Close  tie  may  be  made  by  bending  strand 
tightly  around  attachment,  leaving  a  free  end  about  15  in.  long. 
One  wire  of  this  end  should  be  unlayed  back  to  the  attachment  and 


Pig.  4. — Three-bolt  clamp  hitch. 
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served  on  main  part  and  remainder  of  end;  the  other  wires  should  be 
In  turn  unlayed  back  to  the  last  wrap  and  served  over  main  part 
uid  remainder  of  end  imtil  latter  is  all  served  on. 


Fig.  5. — Close  tie.  • 

Temporary  Tie,  (Fig.  6.)  Temporary  tie  may  be  made  like 
permanent  tie  of  same  kind,  but  end  should  be  left  long  enough  to 
allow  for  adjustment  and  permanent  make  up  and  should  be 
secured  to  main  part  by  one  or  more  servings  of  wire.  In  making 
temporary  ties  bend  should  be  of  as  large  radius  as  possible  until 
permanently  secured. 

Leave  End  Looff  Enooch  to  Allow  for  Adjustment 


Keep  Loop  •■  Larse  ••  PoMlble 
until  Permanently  made  op 

Fig.  6. — Temporary  tie. 

Anchors.  (Fig.  7.)  Anchors  in  earth  should  consist  of  a  wooden 
deadman  4  ft.  long,  at  least  6  in.  thick,  and  having  a  cross-section 
not  less  than  48  sq.  in.,  buried  at  least  4  ft.  below  the  surface  with 
not  less  than  2  ft.  of  rock  if  reasonably  obtainable  well  packed 
into  hole,  and  the  earth  filling  above  thoroughly  tamped.  The 
anchor  should  pass  through  center  of  deadman,  and  must  lie  in  line 
of  pull  of  guy  to  prevent  bending.  Patent  anchors  of  holding 
capacity  equal  to  the  breaking  strain  of  the  strand  to  be  used  with 
them,  and  having  rugged  parts  sufficiently  large  to  allow  a  reason- 
able amount  of  corrosion  without  reduction  in  holding  capacity, 
may  be  used  in  place  of  rod  and  deadman  where  conditions  are 
favorable.  Anchors  in  rock  should  consist  of  eye-bolt  securely 
leaded  or  sulphured  for  entire  length  of  shank  in  hole  inclined  at 
right  angles  to  pull  of  guy.  In  rock  of  sufficient  strength  to  safely 
withstand  the  action,  mechanical  wedge  type  eye-bolts  may  be 
used,  and  the  lead  or  sulphur  omitted.  Where  practicable  guys 
niay  be  anchored  to  adjacent  pole  at  point  not  less  than  7  ft.  above 
ground. 

Guys.-  (Fig.  7.)  Guys  should  be  used  where  practicable  on 
wood  poles  on  curves  of  radius  less  than  900  ft.,  on  poles  to  which 
are  attached  strain  plate  guys,  trolley  guys  and  head  guys;  and 
wherever  any  side  strain  exists.  They  should  be  of  galvanized 
seven-wire  steel  strand  with  thimble  end  at  anchor  attachments, 
and  two-turn  wraps  at  proper  height  for  attachment.  The  lead  or 
horizontal  distance  from  pole  at  ground  line  to  guy  at  same  level, 
whenever  practicable,  should  be  equal  to  the  distance  from  ground 
fine  at  pole  to  guy  wrap.  Guys  located  where  there  is  a  liability  of 
persons  or  animals  running  into  them  should  be  made  conspicuous 
by  a  piece  of  pipe  2  or  more  inches  in  diameter  and  6  ft.  long, 
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slipped  over  guy,  resting  on  anchor  rod  eye  and  pidnted  wWtt.  1 
Where  guy  is  already  installed,  a  wooden  casing,  3  in,  diameter  ot  1 
square  and  6  ft.  long,  may  be  used  in  place  of  the  pipe.  The  halvei 
should  be  well  white  leaded,  and  should  clamp  the  guy  tightly  wheo  ' 
screwed  together,  the  bottom  resting  on  anchor-rod  eye.  Guy  hodis  I 
attached  one  on  each  side  of  pole  at  level  of  guy  wrap  by  a  M-in.    ' 
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through-bolt  at  right  angles  to  line  of  pull  should  be  used  where 
local  conditions  compel  the  use  of  a  lead  less  than  one-fourth  the 
distance  from  groimd  line  at  pole  to  guy  wrap.  Where  guys  can- 
not be  run  directly  to  secure  attachments  they  may  be  carried  high 
on  adjoining  poles  to  a  point  where  anchorage  can  be  obtained. 

Cross-arms.  (Fig.  8.)  Cross-arms  should  be  given  one  coat  of 
perseryative  or  two  coats  of  paint  before  pins  are  installed.  Pin 
shanks  should  be  dipped  in  the  preservative  or  paint,  and  while  wet 
firmly  seated  in  hole  and  secured  by  a  wire  nail  2  in.  long  driven 
through  side  of  arm  into  pin.  All  cross-arms  should  be  held  to 
pole  by  a  through-bolt  driven  from  back  of  pole  toward  and  through 
arm,  having  a  washer  at  each  end,  with  hole  at  back  of  pole 
properly  counterbored  to  secure  good  seat  for  washer.  Cross-arms 
3H  in.  wide  by  4H  in.  deep  should  be  steadied  by  strap  braces  se- 
cured to  pole  by  a  lag  screw,  and  to  side  of  arm  away  from  pole  by 
carriage  bolts  on  center  line  of  arm  with  nuts  next  to  the  braces. 
Arms  up  to  and  including  48  in.  in  length  should  have  braces  24  in. 
long,  fastened  to  arm  16  in.  from  center;  arms  over  48  in.  long  should 
have  braces  28  in.  long,  fastened  to  arms  19  in.  from  center. 
Cross-arms  of  section  heavier  than  3U  by  4H  in.  should  be 
steadied  by  an  angle  brace,  fastened  to  bottom  of  arm  by  carriage 
bolt  and  to  pole  by  a  through-bolt.  The  lowest  feeder,  telephone 
or  signal  cross-arm  should  have  its  center  not  less  than  21  ft.  above 
top  of  rail;  other  feeder,  telephone  or  signal  cross-arms  should  be 
spaced  at  least  24  in.  from  center  to  center.  If  the  pole  also  carries 
a  transmission  line  there  shoidd  be  a  clear  distance  of  at  least  6  ft. 
between  the  top  feeder,  telephone  or  signal  arm  and  the  lowest 
transmission  arm.  Double  arms  for  feeder  should  be  used  at  ends 
of  curves  and  on  intermediate  poles  of  curves  of  radius  less  than 
500  ft.  Double  arms  must  be  parallel  at  the  same  height.  Both 
arms  should  be  fastened  to  the  pole  by  the  same  through-bolt,  and 
should  be  firmly  tied  together  by  spacing  bolts  with  nut  and  washer 
each  side  of  each  arm,  located  on  the  center  line  of  arm,  8  in. 
from  end. 

Choice  of  Supporting  System.  Bracket  support  on  side  poles 
should  be  used  for  all  single  track  where  local  conditions  do  not  pre- 
vent, except  for  curves  of  radius  less  than  300  ft.  Bracket  support 
on  central  poles  may  be  used  on  double  track  where  practicable. 
Span  support  should  be  used  on  single  track  for  curves  of  radius 
less  than  300  ft.  and  where  local  conditions  do  not  permit  use  of 
brackets;  on  double  track,  including  turnouts,  not  employing 
central  bracket  poles;  and  for  more  than  two  tracks.  Compound 
spams  should  be  used  when  necessary  to  support  the  overhead  of  a 
series  of  tracks  too  closely  spaced  to  permit  poles  between.  Bridge 
suMjort  will  be  used  only  in  special  cases. 

Height  of  Trolley.  Supporting  structures  should  be  of  such 
height  that  the  trolley  wire  in  streets  and  on  interurban  lines  will  be 
at  a  height  of  not  less  than  18  ft.  above  the  top  of  rail  unless  local 
conditions  prevent;  on  trackage  operating  electric  and  steam  road 
equipment  and  at  crossings  over  steam  roads  the  trolley  wire  should 
be  not  less  than  21  ft.  above  the  top  of  rail. 

Brackets.    Brackets  should  be  of  sufficient  length  to  allow  8  in. 
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between  hanger  or  strain  insulator  and  the  end  casting.  When 
poles  are  on  outside  of  curve  the  length  of  bracket  should  be  suffi- 
cient to  allow  for  effect  of  pole  rake  and  rail  elevation.  The  eye- 
bolt  should  be  installed  at  level  of  trolley  wire;  the  pole  casting  with 
center  a  distance  above  center  of  eye-bolt  equal  to  distance  center 
to  center  between  span  eye  and  arm  socket  of  end  casting;  and  the 
oversupport  rod  a  distance  in  inches  above  pole  casting  of  three 
times  the  length  of  arm  in  feet.  On  wood  poles  eye-bolts  and  over- 
support  rod  should  pass  through  pole  ana  pole  casting  should  be 
attached  by  two  lag  screws.  On  steel  poles,  eye  for  strand,  socket 
for  arm  and  pole  attachment  for  oversupport  rod  should  be  carried 
by  special  fittings,  clamping  to  pole.  Eye-bolt  should  be  installed 
pulled  out  to  full  length;  the  nut,  on  wood  pole,  seated  against  a 
washer;  the  arm  should  be  given  an  upward  rake  from  the  horizon- 
tal of  I  in.  in  4  ft.  of  length;  the  intermediate  casting  should  be 
clamped  on  arm  so  that  trolley  wire  comes  midway  between  it  and 
end  casting;  and  the  steel  strand  should  be  dose  tied  into  eye-bolt 
and  into  end  castings  with  a  in.  of  slack  to  permit  hanger  installa- 
tion. On  steel  poles  strain  insulators  should  be  cut  into  strand  on 
either  side  of  hanger,  and  between  end  and  intermediate  castings, 
to  give  double  insulation.  Brackets  on  curves  should  be  installed 
is  on  tangents  except  that  puU-over  with  attached  strains  should  be 
close  tied  in  strand  in  approximately  correct  position,  but  ties  at 
fye-bolt  and  end  casting  should  be  temporary  until  final  dressing  of 
overhead. 

Spins.  Spans  should  consist  of  seven-wire  strand,  and  in  case  of 
sted  poles,  should  have  strain  insulator  cut  in  not  less  than  5  ft. 
from  pole;  where  pole  carries  high  tension  circuits,  a  strain  insu- 
lator should  be  used  of  suitable  strength  and  creeping  surface. 
Where  a  foreign  line  crosses  close  to  the  span  two  strain  insulators 
should  be  used,  one  at  either  side  of  foreign  line,  to  ensure  that  if 
latter  falls  it  shall  be  on  a  dead  section.  Spans  on  tangents  should 
be  close  tied  into  eye-bolts  at  height  above  trolley  wire  not  more 
than  one-tenth  the  distance  from  track  center  to  pole  but  in  no  case 
should  the  factor  of  safety  for  the  span  wire  be  less  than  two  under 
the  conditions  to  be  expected.  On  wood  poles  eye-bolts  should  be 
at  least  12  in.  below  top  of  pole,  and  should  be  installed  at  full 
length,  seated  against  wipers.  Spans  on  curves  should  be  installed 
as  on  tangents  except  that  pull-over  with  attached  strains  should  be 
dose  tied  in  strand  in  approximately  correct  position  and  tempo- 
rarily tied  in  eye-bolts  until  the  final  dressing  of  overhead.  In  case 
of  two  or  more  tracks,  strand  between  pull-overs  should  have  tem- 
porary tie  at  one  end  until  final  dressing. 

Itoliey  Wire*  Trolley  wire  may  be  run  out  by  mounting  the  reel 
on  an  arbor  on  which  it  can  freelv  turn,  and  leading  the  wire  to  an 
anchor  or  to  trolley  already  installed.  Tension  may  be  maintained 
oy  a  brake  on  rim  or  side  of  reel,  but  under  no  circumstances  should 
braking  be  done  against  the  copper.  The  wire  should  be  pulled  to 
correct  sag  and  temporarily  tied  to  brackets  or  spans  by  rope  or 
other  soft  insulating  ties.  Particular  care  should  be  taken  to  pre- 
vent twisting,  kinkmg  or  bruising  the  wire.  Parallel  faced  clamps 
should  be  used;  chains,  cam  come-alongs  or  other  short  grip  devices 
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should  not  be  employed.  The  sags  should  be  as  follows,  and  in 
pulling  up  great  care  should  be  taken  that  the  corresponding 
tensions  are  not  exceeded: 

Sag  and  Tension  of  Trolley  Wire  (ioo  ft.  Spans) 


Temperature, 
deg.  P. 


Size  of  Wire 


Sag. 
in. 


Tension, 
lb. 


00 


Sag. 

m. 


Tension, 
lb. 


ooo 


Sag. 
in. 


Tension, 
lb. 


oooo 


Sag. 
in. 


Tension, 
lb. 


0 

2H 

1930 

3 

2030 

2H 

2780 

3H 

3500 

30 

3 

z6oo 

3H 

1730 

3H 

33SO 

3H 

2960 

6o 

3H 

1370 

4H 

X42O 

4H 

x8oo 

4H 

2260 

90 

r 

1070 

SH 

I  IOO 

sV* 

1450 

SH 

1830 

130 

800 

1H 

760 

7H 

1050 

IH 

1330 

The  table  values  are  for  spans  of  100  ft.;  for  any  other  span  the 
sag  for  the  tension  given  in  the  table  is  as  the  squares  of  the  lengths. 
For  example,  for  span  of  50  ft.,  the  sag  for  a  given  temperature  is 
equal  to  50  squared  divided  by  100  squared,  or  one-quarter  the 
corresponding  table  value  for  that  temperature. 

After  the  troUey  wire  has  been  temporarily  tied  up  with  the  proper 
sags,  and  the  line  has  been  anchored,  the  line  ears  and  hangers  may 
be  accurately  located  and  attached,  clinch  ears  being  thoroughly 
closed  down  to  give  secure  grip  and  smooth  running  surface,  and 
the  mechanical  ears  well  seated  in  grooved  wire,  the  damp  screm 
then  being  slightly  upset  to  prevent  backing  out. 

TroHej  Wire  Splices.  Splices  should  be  of  a  type  to  develop  full 
strength  of  trolley  wire,  and  should  be  so  installed  as  to  offer  the  least 
possible  obstruction  to  the  passage  of  trolley  wheel.  Grooved  wire 
should  be  kept  in  perfect  alinement,  and  if  the  splice  is  of  the  solder- 
ing tjrpe,  it  should  be  thoroughly  sweated  on  without  annealing  the 
wire.  In  any  case  the  free  ends  of  the  wire  should  be  bent  sharply 
back  at  the  outlet,  and  cut  off  forming  a  hook  with  end  H  in.  long. 

Trolley  Wire  Guys.  In  bracket  construction  trolley  wire  guys 
should  be  installed  at  the  ends  of  curves  and  on  long  curves  and 
tangents  at  equal  intervals  as  nearly  as  possible,  but  not  to  exceed 
1500  ft.  apart.  Trolley  wire  guys  should  be  seven-wire  steel  strand 
attached  to  strain  plate  supported  at  a  bracket  by  double  pull-over 
with  proper  insulation  and  led  both  ways  to  next  adjacent  poles. 
Each  guy  should  have  a  strain  insulator  cut  in  it  5  ft.  from  the 
strain  plate,  and  should  be  secured  to  proper  pole  by  a  two  turn  wrap 
at  height  of  bracket  arm.  Where  practicable,  the  strain  of  these 
guys  should  be  taken  by  anchor  guys  in  the  line  of  the  pull;  if  this 
is  impracticable,  high  guys  should  be  used.  Great  care  should  be 
taken  to  ensure  equal  puUs  on  the  guys,  and  especially  that  the 
strain  plate  is  not  twisted  out  of  line;  the  ties  should  not  be  made 
up  permanently  until  the  final  dressing  of  the  overhead. 

Curves*  (Fig.  9.)  Curves  should  be  made  up  with  straight  line 
clinch  ears  for  round  wire,  or  double  clip  mechanical  ears  for 
grooved  wire,  attached  to  suitably  insulated  pull-over  bodies. 
Support  should  be  by  span  except  where  rest  of  line  is  in  bracket 
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and  radius  is  greater  than  300  ft.  Between  supports  curves  should 
!  be  held  to  line  by  seven-wire  steel  strand,  with  single  body  pull- 
i  offs  for  single    track  or  for  outside  one  of  severed  tracks,  and 

double  body  pull-oflfs  elsewhere,  spaced  as  follows: 


Radius  of  ctirve 
(feet) 


Spacing  of  pull- 
offs  (feet) 


Number  of  pulls 
between  supports 


Distance  apart 
of  poles  (feet) 


40 
SO 
60 
70 

80 

90 

100 

125 

ISO 

200-500 
750 
1000 

1500-2000 
Above  2000 


7 
8 

9 
10 

II 
12 
13 

14 

IS 
20 

as 
33H 

SO 
100 


4 
4 
4 
4 

4 
4 
4 
4 

4 
3 
3 

2 

I 
O 


35 
40 

45 
SO 

55 

60 

65 
70 

75 

80 

xoo 

100 

100 

100 


The  pull-overs  in  each  span  should  have  bodies  and  strains  held 
radially  to  curve  by  a  lacing  of  seven-wire  steel  strand  at  least  6  in- 
away  from  trolley  wire,  which  lacing,  however,  may  be  omitted 
irom  any  pull  making  an  angle  of  60  deg.  or  more  with  the  ear 
to  which  it  is  attached.  With  an  odd  number  of  pull-over  bodies 
the  middle  one  should  have  puU-off  strand  to  each  pole.  Inter- 
sections and  complicated  special  work,  particularly  in  city  streets, 
will  usually  require  special  and  individual  study  and  treatment. 
Figs.  10  to  16,  inclusive,  give  typical  overhead  layouts  for  such 
special  work. 


PbU  Omtihown  by  HoUAUbm  for  lUdU  from 

«tolM 

Pidl  Ortn  ibowB  bj  Doited  Dbm  tn  RadO  from 

a00to7M 


Pull  OT«n  ■ham  bj  BolU 

lOOOtoUOO 

PbU  OT«n  ibaia  bj  IM  ft 

IfiOOtoSOOO 


Pig.  9. — ^Location  and  arrangement  of  pull-offs  in  trolley  wire  curves. 

Offset  of  Trolley  on  Curves.  Curves  should  be  dressed  with 
uniform  deflection  at  pull-overs  and  should  offset  to  the  inside  of 
curve  an  amount  given  by  the  expression 

(r 

in  which 

S  =  radial  offset  of  trolley  wire  toward  center  of  curve 
E  =«  super-elevation  of  outer  rail 
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H  a  height  of  trolley  wire  above  rail 

G  «  track  gage 

R  «  radius  of  curve 

P  ~  distance  from  center  of  car  to  pivot  of  trolley  base 

Q  «  distance  from  center  of  car  to  center  of  truck 

L  «  horizontal  distance  from  pivot  of  trolley  base  to 

point  of  contact  between  trolley  wheel  and  trolley 

wire. 

Note:    All  values  in  terms  of  feet. 

The  total  offset  should  be  uniformly  tapered  off  from  full  value  at 
inside  easement  point  of  track  to  no  offset  at  outside  easement  point. 
If  track  is  not  eased,  start  with  full  offset  at  distance  inside  end  of 
curve  as  given  below,  and  run  to  no  offset  at  point  at  equal  dis- 
tance outside  end  of  curve. 


Radius  of  curve 
Up  to  no  ft. 
100  to  500  ft. 
500  to  looo  ft. 
Above  1000  ft. 


Start  offset  easement 

20  ft.  from  end  of  curve 

40  ft.  from  end  of  curve 

6o  ft.  from  end  of  curve 

100  ft.  from  end  of  curve 


Pig.  10. — Trolley  on  double-track  curve. 

Frogs.  Frogs  should  be  installed  with  both  main  line  and  branch 
trolley  wires  led  straight  through,  the  latter  to  end  6  ft.  beyond 
frog  in  eye  of  strain  insulator,  to  other  end  of  which  is  close  tied  a 
seven-wire  steel  strand,  secured  to  pole  at  a  level  as  nearly  that  of 
frog  as  will  allow  safe  clearance  over  other  wires.  The  frog  itsdf 
should  be  held  on  each  side  by  a  guy  of  seven-wire  steel  strand  with 
stram  insulator  attached  to  frog  and  secured  to  proper  poles  at  the 
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Pic.  13. — Trolley  on  double-track  Y. 
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Fig.  14.— Trolley  on  double- 
track  crossing  with  curves  in 
one  quadrant. 
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point  of  span  attachment.  Frogs  should  be  temporarily  located  on 
center  line  of  main  track  and  one-third  distance  from  track  switdi 
points  to  track  frog  point  back  from  track  switch  points,  and  if 
need  be  should  be  shifted  to  suit  local  conditions  and  equipment 
Until  final  location  is  made,  trolley  wire  should  be  clamped  just 
firmly  enough  to  prevent  slipping  without  bruising  or  kinking.  Care 
must  be  taken  that  frog  is  not  located  too  far  back  of  track  switd 
points,  as  such  location,  while  often  giving  satisfactory  running, 
will  result  in  excessive  wear  of  trolley  wire. 

Crossings.  Crossings  wherever  practicable  should  be  installed 
without  cutting  either  of  the  line  wires,  which  latter  should  be 
clamped  just  firmly  enough  to  prevent  slipping  without  bruising  or 
kinking  until  the  crossing  has  been  satisfactorily  located.  Where 
wire  must  be  cut,  at  least  3  ft.  of  free  end  should  be  left  outside 
clamp  until  the  final  adjustment,  after  which  the  end  should  be  cut 
off  close  to  the  damp. 

Feed  Taps.  (Figs.  1 7  and  18.)  Feed  taps  should  be  at  points  of 
support  and  should  consist  of  proper  size  triple  braid,  weatherproof 
stranded  connection  from  feeder,  feed  yoke  well  soldered  on  at 


Stnin  Insulator 


Feed 
For  Raffttlar  Serrice 


FMd.ia  Toko 


6tnli 


^ 


iBMlatlac  Bnahlag 


SuotA  lasalator* 


^ 


^ 


tntin  Insulators 


Por  Joint  UM  Pol«. 

Fig.  17. — Feed  tap  in  bracket  construction. 

proper  point,  and  straight  line  ear  soldered  to  the  trolley  wire  anj 
bolted  to  the  yoke.  In  general,  feed  taps  should  be  located  evcij 
1000  ft.  With  bracket  support  the  feeder  connection  should  m! 
from  the  feeder  to  which  it  should  be  well  soldered,  to  strain  at 
tached  to  span  eye-bolt  in  pole,  thence,  replacing  the  usual  stefi 
strand  through  insulated  intermediate  casting  to  strain  attached 
end  casting  of  bracket.  Bracket  tube  should  be  of  sufficient  lei 
to  allow  at  least  8  in.  of  connection  cable  between  feed  yoke  and 
strain,  and  intermediate  casting  should  be  so  located  that  feed 
is  midway  between  it  and  end  casting.     With  span  support 
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feeder  connection  should  run  from  feeder  to  strain  attached  to  span 
^e^bolt  in  pole,  thence,  replacing  the  usual  steel  strand,  to  close 
tie  in  strain  5  ft.  beyond  trolley  farthest  from  feeder.  Span  should 
be  completed  by  seven  wire  steel  strand  close  tied  into  strain  and 
into  pole  eye-bolt,  and  should  sag  not  greater  than  one-tenth  the 
distance  from  trolley  wire  to  pole. 


Fooder 


1  Win  SlMl  Sinnd  CMv. 
Strain  Insulator 


,    Strain  Insulator 
4r  Ooppor 


•In  Yoke 

Feed-In  Eai 
Fig.  18. — Feed  tap  in  span  construction. 

Feed  wire  may  be  run  out  by  mounting  the  reel  on  an  arbor  on 
^hich  it  can  freely  turn,  and  if  practicable,  run  along  the  line  on  a  car 
w  wagon.  Where  local  conditions  necessitate  pulling  feeder  on  end 
over  the  cross-arms,  great  care  must  be  taken  to  prevent  injury, 
especially  to  insulated  feeder,  rollers  or  snatch  blocks  of  ample  size 
bring  used  at  each  arm.  Feeder  should  be  strung,  for  spans  of 
too  ft.,  with  sags  not  less  than  those  of  the  following  table: 

Allowable  Sags  in  Feeders  for  Different  Temperatures 

Temperattire,  Fahrenheit  Copper  Aluminum 

(degrees)  (in.)                                   (in.) 

O  10                                          5 

30  13^                                     10 

60  17                                         16 

90  20H  21^4 

120  23^^  26 

The  table  values  are  for  either  bare  or  weatherproof  feeder  of  any 
ize  from  0000  to  2,000,000  circular  mils.  For  spans  other  than  100 
t.  in  length  the  sag  should  be 
Q  the  same  ratio  to  the  table 
'alues  as  is  the  square  of  the 
pan  to  100  squared. 

Feeder  should  be  installed  in  „  «,.*,, 

he  top  groove  of  the  insulator  ^'^-  »s>.-Top  tie  for  feeder. 

*n  tangents  and  in  the  outer  side  groove  on  curves  and  at  angles,  and 
hould  be  tied  in  with  No.  6  soft  drawn  wire  of  the  same  metal  as 
seder.  Top  tie  (Fig.  19)  may  be  made  with  two  tie  wires  eadh  15 
1.  long.  The  first  wire  should  be  looped  around  insulator  in  side 
roove,  the  ends  crossed  and  twisted  once  under  cable,  then  brought 
p,  one  each  side  and  wrapped  around  cable,  crossing  above  and 
jdow  until  all  is  on.  The  other  wire  should  be  used  to  make  a  similar 
le  on  opposite  side  of  insulator.     Side  tie  (Fig.  20)  may  be  made 
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with  one  tie  wire  15  in.  long  which  should  be  looped  around  inside 
groove  at  back  and  ends,  carried  under  cable,  then  working  from 
center  with  one  end  each  side,  over  top,  down  back,  under,  up  front, 
and  so  on  for  four  complete  turns,  then  around  back  of  insulator 
where  ends  should  be  twisted  together  securely.  The  cable  ade 
of  the  insulator  is  front. 

On  tangents  feeder  may  be  carried  on  single  arms  having  insu- 
lators on  wood  pins;  on  angles  less  than  10  deg.  by  single  arms, 

and  on  angles  greater  than  10  deg. 
by  double  arms,  in  either  of  the  latter 
cases  having  porcelain  insulatoisoa 
metal  pins. 

Splices  in  solid  feeder  should  be 
made  with  an  approved  connector; 
in  stranded  feeder  should  either  be 
made  with  an  approved  connector, 
or  of  the  wrapped  cable  type,  tapered 
uniformly  to  size  of  original  feeder  at 
ends.  In  insulated  feeder  either  type  should  be  smoothly  taped  t» 
the  equivalent  covering.  The  wrapped  cable  t)npe  spb'ce  (Fig.  21) 
is  made  by  stripping  the  ends  to  be  spliced  for  24  in.,  unlaying  and 
brightening  18  in.  of  these  bare  ends,  cutting  out  the  core  strand 
of  each,  and  passing  wires  of  one  end  between  those  of  other  end 
and  laying  parallel  with  main  cable.  The  wires  of  one  s 
either  side  of  middle  of  splice  are  then  dose  served  over 
portion  and  rest  of  wires  of  that  end;  a  second  pair  of  strands  il' 
similarly  served  on.  and  so  on,  until  the  last  pair  of  strands  serve  I 


Fig.  20. — Side  tie  for  feeder. 


a^mmmmm 


Fig.  21. — Cable  type  feeder  splice. 

simply  on  the  main  portion.  The  splice  should  then  be  sweats 
full  of  solder  and  smoothly  tai)ed  to  eqidvalent  of  original  insulatiotf 
if  cable  is  insulated.  Lead  covered  or  specially  insulated  or  coverel 
cables  shoidd  be  spliced  under  special  instruction,  and  then  oolf 
by  men  experienced  in  that  particular  class  of  work. 

Choice  of  Feeder.  Bare  feeder  should  be  used  on  private  right- 
of-way  and  wherever  else  practicable;  weatherproof  feeder  when 
required  and  where  numerous  trees  or  other  obstacles  would  causq 
grounds  if  bare  cable  was  used. 

Feeder  Anchors*  Where  long  spans,  long  heavy  grades,  or  otheff 
conditions  cause  unusually  heavy  strains,  fevers  should  be  anchored 
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by  mechanical  clamps  secured  to  eye-bolt  in  cross-arm  through  a 
suitable  strain.  Insulated  feeder  should  be  bared  so  that  clamp 
takes  direct  hold  on  the  metal.  If  heavy  pull  is  anticipated,  take 
guy  from  cross-arm  to  next  pole. 

Section  insulators  should  be  installed  at  a  span  suspended  from 
hanger. 

Section  switch  box  should  be  bolted  to  back  of  pole,  using  bolts  of 
proper  length,  each  with  washer  under  head  and  nut,  latter,  begin 
inside  box,  which  should  rest  on  cross-arm  canying  feeder  section- 
alized.  The  feedec  should  be  dead-ended  in  strains  attached  to 
eye-bolt  at  proper  point  in  feeder  cross-arm  and  then  enter  box. 
If  feeder  drops  from  dead  end  point  it  should  be  carried  lower  than 
bushings  in  box  and  then  up  to  prevent  drip  from  entering. 

Automatic  Sectional  izing  Switch.  Fig.  22  shows  the  circuits  in 
the  automatic  sectionalizing  switch  of  the  General  Electric  Com- 
pany.    The  switch  is  connected  across  the  section  insulator  by 
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Pig.'  22. — Circuits  of  aatomatic  sectionalizing  switch. 

taps  G  and  U,  Circuit  breaker  B  upon  closing  energizes  section  B 
ftnd  current  passes  through  tap  Cr,  contactor  operating  coil  X  .to  con- 
tact stud  on  relay  which  is  then  oi)en  circuited.  On  closing  breaker 
Cj  section  C  is  energized  and  current  passes  through  tap  U  and  relay 
operating  coil  W  to  ground,  closing  the  relay  disk  F.  This  in  turn 
completes  the  circuit  through  the  contactor  operating  coil  X,  caus- 
ing, the  contactor  to  close.  This  completes  the  circuit  across  the 
nsulator,  thus  placing  the  feeders  in  multiple.  The  switch  will  not 
operate  until  both  breakers  feeding  the  sections  to  which  it  is  con- 
nected are  closed.  With  a  heavy  load  on  one  section  (while  the 
automatic  switch  is  in  operation),  current  from  the  adjacent  sec- 
ions  will  be  fed  across  the  section  insulators,  thus  increasing 
riaterially  the  efficiency  of  the  entire  distribution.  Where  an  auto- 
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matic  or  hand-operated  sectionalizing  switch  is  used,  tests  should  be 
made  periodically  to  determine  any  changes  necessary  in  feeder 
sizes  in  order  to  divide  the  load  properly  between  the  feeders. 

Lightning  arresters  where  required  by  local  conditions  should  be 
installed  at  feed  taps,  just  below  the  feeder  cross-arm,  and  should 
be  connected  to  the  feed  tap  close  to  its  attachment  to  the  feeder  by 
solid  insulated  No.  4  copper  wire.    The  ground  wire  should  be  of 
solid  insulated  No.  4  copper  wire,  stapled  to  the  back  of  poie 
and  either  (a)  extended  as  a  ground  coil,  (b)  well  soldered  into  1 
pipe  ground  or  (c)  well  soldered  to  the  track  rails.    In  any  case  the 
lower  portion  should  be  protected  by  a  wood  molding  8  ft.  long 
with  groove  H  in.  square  in  one  side,  well  painted  on  all  sides  witk 
paint  or  other  preservative.     With  ground  coil  or  grounding  pipe 
the  lower  end  should  extend  i  ft.  below  the  surface  of  the  ground; 
with  rail  connection  the  ground  wire  should  make  a  large  ea^ 
bend  and  should  have  some  form  of  wooden  protection  up  to  its  at- 
tachment to  the  rail  to  guard  against  injury  when  tamping.   Light- 
ning arrester  grounds  may  be  attached  to  the  track  rails  or  to  ^ 
earth  ground,  but  in  no  case  should  an  arrester  be  grounded  it 
both  ways.    Earth  grounds  should  be  secured  as  follows:  Wheft 
permanently  moist  earth  is  assured  at  reasonable  depth  the  gioui^ 
may  consist  of  J4-in.  pipe  driven  at  least  3  ft.  into  the  moist  eaitfc. 
Where  there  is  doubt  as  to  the  condition  of  the  soil,  excavate,  ^ 
permanently  moist  earth  is  reached,  install  pipe  ground;  if  otJ* 
wise,  install  a  flat  coil  containing  40  lin.  ft.  of  solid  No.  4  b* 
copper  wire  imbedded  in  not  less  than  7  cu.  ft.  of  charcoal.    ParticB-j 
lar  care  must  be  taken  to  ensure  that  the  ground  is  eflFective;  ua- 
less  a  good  ground  is  secured  the  arrester  cannot  giye'protection. 

Soldering.  Where  soldering  is  necessary,  it  should  be  done  with 
non-corrosive  paste  or  with  stearin;  the  use  of  add  or  corrosive  salts 
shoiild  be  strictly  forbidden;  and  great  care  should  be  taken  to  pw- 
vent  overheating  and  annealing. 

Linemen.  Only  such  men  should  be  employed  on  overhead  con- 
struction as  have  had  experience  and  are  so  skilled  in  the  work  that 
those  details  which  make  up  good  practice  should  be  attended  ti 
without  the  necessity  for  specific  and  detailed  instruction.  Suck 
details  include:  grading  poles  to  bring  tops  to  approximately  the 
same  line;  setting  cross-arms  square  to  tangent  Ime,  and  bisectini 
the  angle  at  breaks;  setting  brackets  square  to  line  and  all  witi 
same  rake;  cutting  in  strains  at  the  same  relative  points;  instal- 
ling spans  so  that  eye-bolts  and  strands  line  up;  setting  chamferd 
nuts  with  flat  side  to  bearing;  seating  insulator  pins  firmly  tfl 
shoulder;  seating  washers  square  with  bolt  hole;  screwing  in  laj 
screws  at  least  the  last  half;  finishing  off  all  splices,  fastenings  aw 
ends. 

Catenary  ConstructiQa 

Endeavor  to  reduce  the  sag  in  overhead  contact  conductor  bj 
supplying  several  points  of  support  in  a  given  s{>an  resulted  in  tlK 
development  of  the  catenary  type  of  suspension.  In  its  el^ 
mentary  form  it  consists  in  suspending  the  contact  conductor 
by  means  of  clips  or  hangers  which  are  placed  a  few  feet  aparl 
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and  which  are  hung  from  one  or  more  messenger  wires  which 
hang  in  nearly  a  catenary  curve  between  the  main  supports  of  the 
overhead  construction  or  between  intermediate  supports  sus- 
pended therefrom.  There  are  a  great  many  varieties  of  this 
general  form  of  suspension,  varying  from  the  simple  catenary  from 
which  is  suspended  the  troUey  wire  directly,  to  very  elaborate  sus- 
peiision  systems.  The  purpose  of  the  catenary  construction  is 
to  support  the  contact  conductor  at  points  close  together  while 
maintaining  a  great  distance  between  points  of  support  of  the 
whole  sjTStem,  thus  reducing  changes  in  height  of  the  contact 
conductor  to  a  practical  minimum  without  introducing  exces- 
sive tension  in  the  suspension  sjrstem.  The  particular  need  for 
such  a  working  conductor  system  is  found  in  high  speed  work. 
At  the  present  stage  of  development  the  advantages  which  might 
be  derived  from  the  use  of  the  catenary  type  of  suspension  in  dty 
work,  except  in  special  cases  such  as  over  railroad  crossings, 
are  in  general  considered  to  be  outweighed  by  the  complica- 
tions in  its  application  and  operation.  There  are  three  general 
[types  of  primary  suspension,  namely:  (i)  bracket,  (2)  cross-span 
and  (3)  bridge.  For  extended  discussions  of  many  tjrpes  of 
catenary  construction  the  Transactions  of  the  American  Institute 
of  Electrical  Engineers  should  be  consulted.  The  following  is 
based  upon  an  abstract  of  a  paper  by  Mr.  Charles  Rufus  Harte, 
Electric  Railway  Journal,  19 14,  which  is  a  good  summary  of  the 
more  important  catenary  developments.  Figs.  23  and  24  show 
typical  examples  of  working  conductor  suspension  in  heavy  electric 
railway  work. 

Length  of  Span.  Messenger  spans  for  catenary  construction  are 
usually  150  ft.  with  wood  pole  support,  and  300  ft.  on  steel  bridges; 
hanger  spacing  is  generally  10  ft.  to  15  ft.  for  pantograph  opera- 
tion, and  twice  these  values  for  wheel  operation. 

General  Details  of  Suspension.  The  earliest  catenary  consisted 
of  a  messenger  from  which  the  contact  wire  was  suspended  by  a 
series  of  equidistant  hangers.  This  worked  well  for  short  spans,  but 
on  long  spans  the  great  difference  in  length,  and  so  in  weight,  of 
the  mid  and  end  hangers  led  to  the  development  of  compound 
Catenary.  The  Siemens-Schukert  type,  one  of  the  earliest  forms, 
employs  a  main  messenger,  a  secondary  messenger  suspended  from 
the  main  messenger  by  hangers  approximately  20  ft.  apart,  and  a 
contact  wire  suspended  from  the  secondary  messenger  by  hangers 
approximately  10  ft.  apart.  The  secondary  messenger  supports 
come  at  the  quarter  points  between  the  main  hangers  or  "  droppers," 
which  are  of  wire,  about  No.  8  gage  equivalent,  and  are  in  two 
parts,  linked  eyes  in  the  adjacent  ends  forming  a  flexible  joint; 
these  hangers  attach  rigidly  to  both  main  and  secondary  mes- 
senger. The  secondary  hangers  attach  rigidly  to  the  contact 
wire,  but  loop  over  the  secondary  messenger  so  they  are  free 
to  rise  2  or  3  in.  This  has  proved  very  satisfactory  in  a  number 
of  Continental  installations,  and  on  the  Midland  Railway  of 
England. 

Multiple  Catenary.  Two  main  messengers  have  vertical  sag 
and  horizontal  deflection  toward  each  other.    The  hangers,  spaced 
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lo  ft.  apart,  are  equilateral  triangles  of  pipe,  the  two  upper  comers 
attaching  to  the  messengers  while  the  oottom  one  holds  the  con- 
tact wire;  the  entire  system  is  at  line  potential^  the  supports  at 
the  bridges  being  insulators  as  well.  As  first  installed  on  the  New 
Haven  road,  the  contact  wire,  No.  oooo  grooved  copper,  was 
carried  directly  by  the  triangles.  These  points,  however,  were  ex- 
ceedingly rigid,  while  the  midspan  was  comparatively  soft,  and 
when  the  speed  of  the  train  was  such  that  the  time  interval  between 
hanger  points  was  the  same  as  the  vibration  period  of  the  col- 
lector, the  latter  chattered  with  increasing  violence  until  changed 
conditions  threw  the  pantograph  "out  of  step." 

Secondaiy  Messenger.  The  trouble  with  the  multiple  catenary 
cited  above  was  successfully  obviated  by  the  following  improve- 
ment by  Mr.  E.  H.  McHenry:  A  steel  contact  wire  of  the  same  sec- 
tion as  the  copper  is  suspended  from  the  latter  by  clips  coming 
midway  between  the  hangers,  which  keep  the  wires  iH  in.  apart, 
center  to  center.  The  dips  are  rigidly  attached  to  both  wires; 
it  was  feared  that  with  the  heavy  shoe  pressure  a  looped  dip  sudi 
as  is  used  in  the  Siemens-Schukert  form  might  permit  the  lower 
wire  to  turn  sideways,  in  which  case  the  shoe  would  foul  the  dips 
with  disastrous  results.  The  London-Brighton  &  South  Coast 
Railway,  to  secure  the  same  end,  uses  hangers  of  comparatively 
light  wire,  the  small  ones  holding  the  wire  by  a  loop,  while  the 
larger  ones  have  jointed  sides  to  give  the  desired  flexibility.  Ob 
this  system  the  stresses  are  all  low,  the  messenger  having  a  sag^ 
6  ft.  in  vertical  projection  for  a  span  of  not  quite  200  ft. 

McHenry-Murray  Suspension.  The  extensive  experience  with 
the  pioneer  and  McHenry  forms  under  heavy  service,  and  careful 
study  of  the  behavior  of  other  tjrpes,  resulted  in  the  McHenry- 
Murrary  catenary  employed  on  the  extension  of  the  New  Haven 
electrification.  In  this  the  main  messengers,  one  for  each  track, 
have  at  the  quarter  points  structural  steel  cross^bents  which  in 
turn  carry  insulators  from  which  the  secondary  system  is  hung. 
This  latter  consists  of  the  secondary  messenger,  carrying,  through 
hangers  10  ft.  apart,  a  pair  of  wires,  upper  of  copper  and  lower  of 
steel,  held  iH  in.  center  to  center  by  clips  which  are  midway  be- 
tween the  secondary  hangers.  The  main  messengers  have  only  to 
carry  the  mechanical  load  of  the  secondary  system.  The  value  d 
this  grounded  shield  as  a  lightning  protection  has  been  strikingly 
shown  in  several  electrical  storms  which  caused  trouble  on  tki 
older  forms,  while  the  new  construction  in  the  same  territory  was 
unaffected. 

Hard  Catenary.  The  general  tendency  in  catenary  is  toward  t 
flexible  line,  but  there  are  two  recent  marked  exceptions.  Th* 
Fischer- Jellinek  form  employed  on  the  Budapest,  Ueberetsch  and 
other  Austrian  Knes,  has  a  triangular  hanger  which  Ues  in  the  plane 
of  the  catenary  and  carries  at  the  bottom  angle  an  ear  through 
which  the  trolley  wire  is  free  to  slide.  Continued  and  repeated 
use  of  this  form  apparently  indicates  successful  results,  but  it  is 
difl&cult  to  believe  that  even  with  the  light  bows  employed  there  is 
not  severe  wear  at  these  loose  connections,  particularly  as  the  tri- 
angular hangers  of  this  form,  to  insure  that  the  clips  remain  paralld 
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to  the  contact  wire  and  do  not  bind  on  it,  of  necessity  make  very 
hard  spots.  This  type  is  hard  incidentally  rather  than  by  de- 
sign, but  the  Paul  catenary  of  the  Midi  Railway,  France,  is  es- 
sentially hard,  the  messenger  supporting  a  trussed  member,  which  is 
an  equilateral  triangle,  a  contact  rail  being  secured  to  the  lower 
vertex  while  pull-offs  and  steady  braces  attach  to  the  top  which  is 
horizontaL  The  trusses  are  a  trifle  more  than  40  ft.  long  and  are 
suspended  by  their  ends,  there  being  four  to  the  span. 

Catenary  Hangers.  A  great  variety  of  hangers  has  been  tried, 
but  very  few  of  the  forms  have  persisted,  the  majority  either  tak- 
ing too  much  time  to  install  or  shaking  loose  in  service,  not  a  few 
doing  both.  That  which  seems  to  meet  conditions  best  is  a 
mechanical  three-screw  clip  rigidly  attached  to  a  steel  strap,  the 
top  of  which  is  formed  into  a  loop  3  in.  or  4  in.  long,  permitting 
the  contact  wire  to  rise  to  that  extent.  The  other  types  with 
cam,  screw,  toggle,  wedge  and  other  locking  devices,  many  of 
them  exceedingly  ingenious,  are  for  the  most  part  of  interest  only 
as  a  matter  of  history.  Early  forms  of  strap  hangers  were  hinged 
at  the  lower  end,  but  this  permitted  the  loop  to  tip  over,  and 
with  each  lift  to  crawl  further  out  on  the  messenger  until  all  the 
lift  was  taken  up  and  the  flexibility  lost.  To  facilitate  installa- 
tion several  ingenious  ways  of  making  the  loop  have  been  devised. 
In  one  the  end  is  twisted  back  of  the  main  stem,  leaving  a  space  of 
such  shape  that  the  hanger  screws  onto  the  messenger;  another 
snaps  into  place,  the  spring  of  the  shaft  normally  keeping  the  loop 
dosed;  while  a  third,  also  of  the  snap  type,  has  the  tail  of  the  strap 
so  bent  up  inside  the  loop  that,  once  snapped  on,  the  messenger 
cannot  get  into  a  position  to  wedge  its  way  out. 

Catenary  Brackets.  Brackets  are  of  two  classes:  those  made  up 
of  paired  angles  or  channels,  separated  at  one  end,  to  go  either  side 
of  the  pole,  to  which  they  fasten  by  a  through-bolt,  or  to  clasp  a 
casting  lagged  or  bolted  to  the  face  of  the  pole;  and  those  consisting 
of  a  single  I  or  T  seating  in  a  suitable  pole  casting.  Paired  member 
brackets  offer  facilities  for  the  attachment  of  supports,  insulators 
and  the  like;  single  member  forms  offer  much  less  opportunity 
for  corrosion.  Brackets  which  dasp  the  pole  and  are  through- 
bolted  to  it  restrict  the  length  of  line  affected  by  a  break  to  a 
few  spans  either  side,  but  the  brackets  at  the  break  are  usually 
badly  crippled  if  not  completely  wrecked;  brackets  less  rigidly 
secured  swing  clear,  and  while  dropping  a  much  greater  length  of 
line  are  usually  injured  little  if  any.  Abroad,  brackets  on  special 
iron  poles  are  used  for  spans  up  to  300  ft.,  and  frequently  for 
double-track  work,  either  with  center-pole  construction  or  carry- 
ing both  trolley  wires  on  the  one  long  arm.  In  American  practice 
two-track  brackets  are  not  so  frequently  used,  spans  or  bridges 
being  employed  instead;  the  latter  are  also  extensively  employed  on 
long  span  foreign  lines. 

Cross  Span  Catenary.  Cross  span  support  has  the  marked  ad- 
vantage of  causing  nunimum  interference  with  the  view  of  the 
motorman,  but  the  sag  must  be  great  or  the  stresses  will  be  very 
bigh.  It  has  been  used  in  some  of  the  early  light  catenary  con- 
struction and  the  New  York,  New  Haven  &  Hartford  Railroad  has 
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made  extensive  use  of  this  construction  for  yard  work,  and  to  a 
small  extent  for  the  main  line,  employing  heavy  lattice  poles  to  sus- 
tain it.  The  span  wire  attaches  to  the  main  catenary  messenger, 
while  a  steady  strand  attached  at  or  near  the  contact  wire  prevents 
overturning  under  pantograph  pressure.  In  some  instances  the 
span  has  contained  a  section  of  structural  steel  carrying  insu- 
lators to  which  the  messengers  attach.  The  New  Haven  type 
has  long  wooden  strains  in  the  steady  strand,  very  materially 
stiffening  it. 

Bridge  Catenary.  For  heavy  work  most  engineers  have  preferred 
a  stiff  cross  member  to  the  high  or  heavy  poles  required  for  cross 
span  support.  Bridges  have  a  wide  range  of  design,  from  the  light 
paired  angle  irons  bolted  to  wooden  poles,  one  on  each  side  of  the 
track,  as  on  the  Midland  Railway,  England,  and  certain  Continental 
lines,  and  the  light  but  rigid  entirely  structural  material  frames  of 
the  Archbold-Brady  type,  to  the  very  substantial  structures 
of  the  early  New  Haven  work.  The  importance  of  the  traffic 
involved  in  the  latter  case  and  the  lack  of  data  as  to  behavior  in 
such  service  justified  the  use  of  a  conservative  design  in  the  pioneer 
installation. 

Alinement  of  Contact  Wire.  Abroad  the  line  is  zigzagged  from 
side  to  side,  usually  about  i  ft.  each  way,  to  distribute  the  wear 
over  the  top  of  the  shoe.  In  America  the  line  is  almost  alwajfs 
centered,  probably  for  esthetic  reasons,  although  it  is  found  thtf 
the  naturad  side  sway  of  the  pantograph  is  ample  to  give  all  neces- 
sary side  travel.  Even  with  center  location  it  is  essential  that 
track  and  overhead  departments  maintain  dose  co-operation  lest  a 
change  in  super-elevation  without  a  corresponding  hne  shift  result 
in  the  shoe  being  thrown  entirely  clear  of  the  contact  wire  because 
of  unavoidable  side  play. 

Turnout  Diverters.  At  turnouts  the  diverging  wire  is  lifted 
above  the  level  of  that  of  the  main  line,  but  for  pantograph  opera- 
tion early  American  catenaries  used  a  gridiron  of  wires  to  fill  in 
the  space  between  wires  to  a  point  where  the  end  of  the  shoe  could 
by  no  chance  go  over  the  branch  wire.  Later  designs  follow  the 
foreign  practice  of  merely  raising  the  branch  wire,  whidi,  however, 
is  rigidly  held  to  that  elevation  throughout  the  fouling  space  by 
special  double  hangers. 

Catenary  Curve  Dressing.  Curve  dressing  is  complicated,  par- 
ticularly on  flexible  simple  catenary.  To  prevent  taping  there  must 
be  two  attachments:  if  made  to  the  hanger  rod  the  friction  on  the 
messenger  absorbs  much  of  the  flexibility;  if  one  attachment  is  made 
to  the  hanger  rod  or  contact  wire  and  the  other  to  the  messenger 
the  pull-together  effect  of  paired  strands  is  equsdly  undesirable. 
The  best  solution  is  the  use  of  a  spreader  wluch  keeps  the  two 
parts  parallel  for  at  least  6  ft.  or  8  ft.  from  the  catenary,  beyond 
which  they  come  together  in  a  common  puU-off.  On  rigid  hanger 
lines  this  is  unnecessary  and  the  strands  are  attached  to  the  mes- 
senger and  to  the  bottom  of  the  hanger  rod  or  to  an  attachment  to 
the  contact  wire  which,  for  pantograph  work,  is  sufficiently  offset 
to  prevent  fouling.  Sharp  curves  with  several  pulls  per  span 
employ  either  a   bridle  between  supports  to  wldch  the  pulls  are 
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run  radially,  or  else  the  pulls  are  run  to  the  supports  in  fans;  light 
curves  either  use  the  bndle  or  fan  method,  or  on  heavy  construc- 
tion use  a  special  pull-off  pole.  On  light  work  flat  curves  offer  so 
little  side  pull  ^at  the  weight  of  the  strands  and  insulator  causes 
heavy  sag;  in  one  instance  this  was  partly  obviated  by  using  a 
Ught  single  strand,  which  a  short  distance  from  the  catenary  was 
divided  into  two  groups  of  three  wires  each,  the  seventh  being 
served  on  to  prevent  further  unlaying.  One  group  of  three  wires 
was  then  taken  to  the  messenger,  Uie  other  to  the  trolley,  while  the 
insulator  was  cut  in  at  the  bridle.  Foreign  lines  and  a  few  Ameri- 
can employ  the  rigid  steady  brace  attached  to  the  main  support, 
and  rarely  to  a  pole  specially  set  for  it.  The  elimination  of  special 
pull-off  poles  is  secured,  and  the  disadvantage  of  the  line  loading 
by  the  steady  brace  is  obviated  by  extending  the  bracket  to  form 
a  hook  to  which  a  pull-off  strand  is  attached.  In  case  the  pole  is 
on  the  outside  of  the  curve  the  attachment  is  made  directly  to  it. 
The  use  of  cross-bents  on  the  Harlem  Branch  electrification  of  the 
New  Haven  permitted  the  use  of  a  bridle  tied  to  these  bents, 
pulling  them  partly  to  the  desired  offset  from  the  chord  of  the 
messenger,  a  further  shift  of  the  insulators  on  the  cross-bents  bring- 
ing the  contact  wire  over  the  track  center.  The  most  admirable 
device,  however,  is  the  Murray  curve  hanger,  the  head  of  which 
firmly  grips  the  messenger,  holding  the  shank  at  an  angle  of  ap- 
proximately 45  deg.  from  the  vertical,  while  the  lower  end  is  a 
duplex  clip,  whSch  is  vertical.  The  lengths  are  such  that  the  clips 
&re  true  to  line,  making  the  chords  but  lo  ft.,  while  the  inclined 
shank  permits  the  contact  wire  to  yield  to  the  pressure  of  the  shoe 
against  the  torsion  of  the  messenger  and  the  pull  of  the  contact 
wire.  In  connection  with  shortened  support  spacing  to  keep  the 
hanger  lengths  within  reasonable  limits,  this  scheme,  employed  on 
the  recent  New  Haven  work  and  now  used  on  the  Pennsylvania, 
gives  an  almost  perfectly  true  alinement. 

Temperature  Changes.  Changes  in  temperature  tend  to  cause 
corresponding  length  changes  in  the  various  members  of  cate- 
nary construction,  but  the  actual  result  is  largely  affected  by  the 
character  of  the  construction.  The  messenger,  contracting  or 
expanding,  tends  to  lower  or  rise,  the  movement  being  a  maximum 
at  mid-span,  and  zero  at  supports;  the  contact  wire  tends  to  do 
likewise,  but  at  a  different  rate  because  of  its  different  sag.  The 
hangers  tie  the  two  together  and  compel  equal  movement,  giving 
to  the  contact  wire  in  cold  weather  an  inverted  sag,  so  to  speak, 
and  in  hot  weather  slack  wire  between  the  hangers.  On  the  Syra- 
cuse, Lake  Shore  &  Northern  Railway,  the  contact  wire,  which 
was  erected  in  winter,  was  given  a  very  high  initial  tension  and 
an  inverted  sag  of  i  ft.  to  the  standard  300-ft.  span,  so  that  the 
heavy  summer  traffic  should  have  a  fairly  tignt  straight  line, 
^th  this  one  exception,  which,  it  is  said,  did  not  entirely  meet 
expectations  in  this  respect,  American  engineers  have  considered 
compensation  devices  not  worth  the  complication,  a  belief  well 
justified  by  the  behavior  of  the  lines  which  are  in  service  without 
such  devices. 
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Sag  and  Horizontal  Pull  in  Span 

Sini^e-track  Line. — The  following  table  shows  the  sag  result- 
ing in  spans  of  various  lengths  when  subjected  to  the  tensions 
given,  a  standard  span  weight  of  50  lb.  being  assumed.  This  is  a 
convenient  standard  weight  for  a  M«-in.  steel  strand  span  which 
supports  a  length  of  100  ft.  of  00  trolley  with  ear  and  insulator. 


Sag  in  Span  Wire — Single-track  Line 
Maximum  Sag  in  Inches  (c)  for  Weight  (W)  of  50  Lb. 


Pull  on  span  (P) 

Length  of  span  (5)  in  feet 

in  pounds 

30 

35 

40 

45 

50 

55      60 

6S 

70 

75 

80 

Soo. 
600. 
700. 

800. 

900. 

1000 

HOC. 
1300. 
1300. 

1400. 
1500. 
1600. 

1700. 
1800. 
1900. 

2000. 
2100. 
2  200, 

2300, 
2400. 
2500 


9.0 

75 
6.4 

5.6 
SO 

4.5 

4.1 
3.8 
3   5 

32 
3.0 

2.8 


10. 5 
8.8 

7.5 

6.6 
5.8 
5.3 

4.8 

4.4 
4.0 

3.8 
3-5 
3.3 


2.6    3.1 

2.5    2.9 
2.4    2.8 


12.0I13.S 
10. o  II. 3 
8.6 


2.3 
2. 1 
2.2 

2.0 

1.9 
1.8 


2.6 
2.5 
2.4 

2.3 
2.2 
2. 1 


7.5 
6.7 
6.0 

5.5 
5.0 
4.6 

4.3 
4-0 
3.8 

3.5 
3.3 
3.2 

3.0 
2.9 
2.7 

2.6 

2.5 

2.4 


15.0 

12. S 

9.6  10.7 


8.4 

7.5 

6.8 

6.1 
5.7 
5.2 

4.8 

45 
4.2 

4.0 

3.7 
3.6 

3.4 
3.2 

3-1 

2.9 

2.8 

2.7 


9.4 
8.3 
7.5 

6.8 

6.3 

5.8 


5 

4 

4 
4 

4 

3 
3 
3 

3 
3 
3 


16. 5 

13.8 
II. 8 


10.3 
9.2 

8.3 

7.5 
6.9 
6.3 

5.9 
55 
5.2 

4.9 
4.6 

4.3 

4.1 
3.9 
3.8 

3.6 

3.4 
3  3 


18.0 
15.0 
12.9 

II. 3 

10. o 

9.0 

8.2 
7.5 
6.9 

6.4 
6.0 
5.7 

5.3 
SO 

4.7 

4-5 
4.3 
4.1 

3.9 
3.8 
3.6 


19. 5 
16.3 


21 .0 

17.5 


13-9  15.0 

12.2  13. I 
10.8  II. 7 


9.8 

8.9 
8.2 

75 

7.0 

6.S 
6.1 

5.7 
54 
S.I 

4-9 

4-7 
4-4 

4.2 
4,1 
3.9 


lo.S 

9.5 
8.8 
8.1 

75 
7.0 
6.6 

6.2 
5.8 
5.5 

53 
5.0 
4.8 

4.6 

4.4 
4.2 


22.5 
18.8 
16. I 

14. I 
I2-S 

H.3 


10 

9 
8 

8 
7 


7.0 

6.6 
6.2 
5.9 

5.6 

54 
51 

4.9 
4.7 

4-5 


24.0 
20.0 
17. 1 

ISO 
III 

I2.« 

10.9 

lO.O 

9-2 

8.6 
8.0 
75 

7-1 
6.7 
6.3 

6.0 
5-7 
S-S 

5-2 
SO 

4.S 


Sags   are  computed  from   the  formula  ci 
single-track  lines. 
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Doable-track  Line.  The  following  table  shows  the  sag  resulting 
in  spans  of  various  lengths  when  subjected  to  the  tensions  given,  a 
standard  span  weight  of  loo  lb.  being  assumed.  This  is  a  conven- 
ient standard  weight  for  a  H-in.  steel  strand  span  which  supports 
a  length  of  loo  ft.  of  two  oo  trolley  wires,  insulators  and  ears. 

Sag  rN  Span  Wires — Double-track  Line 
Maximum  Sag  in  Inches  (c)  for  Weight  (W)  of  loo  Lb. 


Length  of  span  (5)  feet 

pull 

span 

in  po 

, 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

SO 
100 
ISO 
200 

120.0 
60.0 
40.0 
30.0 

150.0 
75. 0 
50.0 
37. 5 

180.0 
90.0 
60.0 
45.0 

210.0 

105.0 

70.0 

52.5 

240.0 

130.0 
80.0 
60.0 

270.0 

135.0 

90.0 

67.5 

300.0 
150.0 
100. 0 

75.0 

330.0 
165.0 

IIO.O 

82.5 

360.0 

180.0 

120.0 

90.0 

390.0 

I9S.0 

130.0 

97.5 

420.0 
210.0 
140.0 
105.0 

250 
300 
400 

24.0 
20.0 
15.0 

30.0 
25.0 
18.8 

36.0 
30.0 
22.5 

42.0 
35.0 
26.3 

48.0 
40.0 
30.0 

54.0 
45.0 
33.8 

60.0 
50.0 
37.5 

66.0 
55.0 
41.3 

72.0 
60.0 
45.0 

78.0 
65.0 
48.8 

84.0 
70.0 

52. 5 

500 
600 
700 

12.0 

10. 0 

8.6 

15.0 
12.5 
10.7 

18.0 
15.0 
12.9 

21.0 

17.5 
15.0 

34.0 
20.0 
17. 1 

27.0 
22.5 
19.3 

30.0 
25.0 
21.4 

33.0 

27.5 
23.6 

36.0 
30.0 
25.7 

39.0 
32.5 
27.9 

42.0 
35.0 
30.0 

800 
900 

1000 

7.S 

6.7 

6.0 

9.4 
8.3 
7.S 

II. 3 

10. 0 

9.0 

13. 1 
II. 7 
10.5 

15.0 

13.3 
13.0 

16.9 
iS.o 

13.5 

18.8 

16.7 

15.0 

20.6 
18.3 
16.5 

22.5 
20.0 
18.0 

24.4 
21.7 
19.5 

26.3 

23.3 
21.0 

1 100 
1200 
1300 

5.S 
S.o 
4.6 

6.8 
6.3 
5.8 

8.3 
7.5 
6.9 

9.6 
8.8 
8.1 

10.9 
10. 0 

9.3 

12.3 

II. 3 
10.4 

13.6 

12. 5 

II. 5 

15.0 
13.8 
12.7 

16.3 
15.0 
13.8 

17.7 
16.3 
15.0 

19. 1 

17. 5 
16.2 

X4OO 
1500 
1600 

4.3 
4.0 
3.8 

5.4 
5.0 

4.7 

6.4 
6.0 
5.6 

7.4 

7.0 
6.6 

8.6 
8.0 
7.5 

9.6 
9.0 
8.4 

10.7 
10. 0 

9.4 

II. 8 
II. 0 
10.3 

12.9 
12.0 
II. 3 

13.9 
13.0 
12.2 

15.0 
14.0 
13. 1 

1700 
1800 
1900 

3.S 
3-3 
3.2 

4.4 
4.2 
4.0 

53 
5.0 

4-7 

6.3 

5.8 
5.5 

6.7 
6.3 

7.9 

7.5 
7.1 

8.8 
8.3 
7.9 

9.7 
9.2 

8.7 

10.6 
10. 0 

9.5 

II. 5 
10.8 

10.3 

12.4 

II. 7 
II. I 

2000 
2100 
2300 

3.0 

2.9 
2.7 

3.8 
3.6 
3.4 

4.5 
4.3 
4.1 

5.3 
5.0 
4.8 

6.0 

5.7 
5-5 

6.8 
6.1 

7.5 
7.1 
6.8 

8.3 
7.9 

7.5 

9.0 

8.6 
8.2 

9.8 
9.3 
8.9 

10.5 
10. 0 

9.5 

2300 
2400 
2500 

3.6 

2.5 
2.4 

3.3 

3.1 
30 

3.9 
3.8 
3.6 

4.6 

4.4 
4.2 

S.2 
5.0 
4.8 

S.9 
5.6 

5.4 

6.5 
6.3 
6.0 

7.2 

6.9 
6.6 

7.8 

7.5 
7.2 

8.5 
8.1 
7.8 

9.1 

8.8 

8.4 

Sags  computed  from  the  formula  c  =  ^  ^ — ^  in  which  TT  —  100 
and  a  a  10  for  double  track. 

The  values  in  the  above  table  are  plotted  in  Figs.  25  and  26. 
For  other  sizes  of  wire  strand  or  trolley  the  weight  of  the  span  will  be 
different.  The  table  on  page  621  shows  the  "loading  factor'  or 
ratio  of  weight  of  various  spans  to  the  weight  of  the  assumed  stand- 
ard span  of  100  lb.  The  sag  given  in  the  above  table,  when  multi- 
plied by  the  proper  "loading  factor,"  wiQ  give  the  sag  in  any 
desired  span. 
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]ffish  Condttctivity  Trolley  Wire,  Round  and  Grooved 

(A.E.R.E.A.  Standard) 

MateriaL  The  material  of  which'  high  conductivity  trolley 
wire  is  made  shoidd  be  electrolytic  or  low  resistance  lake  cop- 
per wire  bars  of  quality  specified  by  standard  specifications  for 
electrolytic  copper  wire  bars,  cakes,  slabs,  billets,  ingots,  and 
ingot  bars,  or  lake  copper  wire  bars,  cakes,  slabs,  billets,  ingots, 
and  ingot  bars,  adopted  by  the  American  Society  for  Testing 
Materials,  August  25,  1913.  Necessary  brazes  in  trolley  wire 
should  be  made  in  accordance  with  the  best  commerical  practice, 
and  tests  upon  a  section  of  wire  containing  a  braze  should  show 
at  least  95  per  cent,  of  the  tensile  strength  of  the  unbrazed  wire. 
Elongation  tests  should  not  be  made  on  test  sections  including 
brazes.  The  wire  should  be  of  uniform  size,  shape,  and  quality 
throughout,  and  should  be  free  from  all  scale,  flaws,  splits  and 
scratches  not  consistent  with  the  best  commercial  practice. 

Round  Trolley  Wire 
(A.E.R.E.A.  Standard) 

Dimensions.  Dimensions  of  round  trolley  wire  should  be  ex- 
pressed as  the  diameter  of  the  wire  in  dedmail  fractions  of  an  inch, 
using  not  more  than  three  places  of  decimals;  i.e.y  in  even  mils. 
Wire  should  be  accurate  in  diameter.  Variations  of  i  per  cent 
over  or  under  nominal  diameter  are  permissible. 

Tensile  Strengtii  and  Elongation.  Round  trolley  wire  shoidd 
be  so  drawn  that  its  tensile  strength  will  not  be  less  than  the  mim- 
mum  values,  nor  more  than  the  maximum  values,  and  its  elonga- 
tion not  less  than  the  minimum  values,  given  in  the  following 
table: 


Diameter,  in. 

Area,  cir.  mils 

Tens-ile  strength,  lb. 
per  sq.  in. 

Elongation  in  10 
in.  (per  cent.) 

Minimum 

Maximum 

0.460 
0.410 
0.36s 

211,600 
168,100 
133.200 

49.000 
So.ooo 
51,600 

53.000 
54.000 
56,000 

3.  75 
3.25 
2.80 

The  elongation  should  be  determined  as  the  permanent  increase 
in  length  due  to  the  breaking  of  the  wire  in  tension  measured  be- 
tween bench  marks  placed  upon  the  wire  originally  10  in.  apart. 
The  fracture  shoidd  be  between  the  bench  marks  and  not  closer 
than  I  in.  to  either  bench  mark. 

Inspection  for  Defects.  .For  the  purpose  of  determining  and 
developing  defects  which  may  be  prejudicial  to  the  life  of  trolley 
wire,  owing  to  its  peculiar  service,  as  compared  to  that  of  copper 
wire  for  other  purposes,  the  following  twisting  tests  shoidd  be  made. 
Three  twist  tests  should  be  made  upon  samples  10  in.  long  between 
the  holders  of  the  machine.  All  three  samples  should  be  twisted 
to  destruction  and  should  not  reveal  under  test  any  seams,  pits, 
slivers,  or  surface  imperfections  not  consistent  with  the  best  com- 
mercial practice.    At  the  time  of  fracture  the  wire  should  be  twist- 
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Ing  with  reasonable  uniformity.    All  samples  should  withstand  the 
following  minimum  number  of  turns  without  breaking. 


Diameter, 
in. 

0.460 
0.410 
0.36s 


Area, 
cir.  mils 

211,600 
168,100 
133.200 


Twist  in 
10  in. 

8 

9 
10 


The  twisting  machine  should  be  so  constructed  that  there  is  a 
linear  motion  of  the  tailstock  with  respect  to  the  head.  The  twist 
shall  be  applied  not  faster  than  ten  turns  per  minute. 

Resistivity.  Electric  resistivity  should  be  determined  upon  fair 
samples  by  resistance  measurements  at  a  temperature  of  20  deg.  C. 
(68  deg.  F.).  The  wire  should  not  exceed  in  resistivity  900.77  lb. 
per  mile  ohm. 

Density.  For  the  purpose  of  calculating  weights,  cross-sections, 
etc.,  the  specific  gravity  of  copper  should  be  taken  as  8.89  at  20 
deg.  C. 


2^    Wire 


[-6 :376" 


i/O     Wire 
Fig.  27. — American  standard  grooved  trolley  wire  sections. 
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Groored  TraO^  Win 

(A.E.R.E.A.  Standard) 

Standard  Bectlons  are  shown  by  Fig.  27.    These  are  known  as 

the  "  American  Standard  Grooved  Trolley  Wire  Sections,"  and 
have  been  adopted  as  standard  by  the  Am.  El,  Ry.  Eng.  Assn., 
the  Am.  Soc.  for  Testing  Materials,  and  many  wire  manufacturers. 

Dimensimia,  Dimensions  of  grooved  trolley  wire  should  be 
expressed  as  the  area  of  cross-section  in  circular  mils,  the  standard 
sizes  being  as  follows: 

aii.6oa  cii.  mils  weighing  3,386  lb.  [ 
i6B,ioo  cii.  mils  weighing  3,66o  lb.  f 
133.100  cic.  mila  weighing  1,131  lb.  p 

Grooved  trolley  wire  may  vary  4  per  cent  over  and  under  in 
weight  per  unit  length  from  standard  as  determined  from  the 
nominal  cross-section. 

Pliysical  Tests.  Physical  tests  on  grooved  trolley  wire  should 
be  ntade  in  the  same  manner  as  those  upon  the  round  wire  (see 
page  631).  The  tensile  strength  of  grooved  wire  should  be  at  least 
95  per  cent,  of  that  required  for  round  wire  of  the  same  sectional 
area;  the  elongation  should  be  the  same  as  that  required  for  round 
wire  of  the  same  sectional  area.     The  twist  test  should  be  omitted 

ResistiTi^.  The  requirements  for  resistivity  are  the  same  as 
those  for  round  wire  of  the  same  sectional  area  (see  page  613). 
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Selectioii  ot  Poles 

The  selection  of  the  pole  for  trolley  line  construction  is  dq>end- 
ent  upon  the  type  of  hne  which  is  to  be  supported,  and  ia^vea 
three  elements,  namely,  height  of  pole,  width  of  street  for  span 
construction,  and  sag  desired  in  span.  The  allowable  sag  having 
been  decided  upon,  the  next  step  is  to  find  the  horitontal  pull  for 
the  span  wire.    This  is  found  as  shown  on  pages  618  to  621, 
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and  the  pole  of  the  desired  length  must  then  be  selected  to  with- 
stand the  puU  thus  determined.  If  the  pole  selected  has  a  de- 
flection of  say  3  in.  for  the  required  pull,  then  the  pole  must  be 
given  a  3  in.  rake  if  it  is  desired  to  pull  it  up  vertically  when  the 
span  is  completed. 

Steel  Poles 

Deflection, 

*      3EI 

in  which  x  —  deflection  in  inches,  18  in.  from  top  of  pole 
P  =  horizontal  pull,  18  in.  from  top  of  pole 
/  «  length  of  pole  from  point  of  application  of  P  to  ground 

line  (6  ft.  from  base  end),  in  inches 
E  =  modulus  of  elasticity  of  steel  (26,000,000) 
/  =  moment  of  inertia  of  base  section. 

Deflections  from  various  loadings  together  with  descriptions  of 
poles  are  given  in  the  following  tables.  The  variations  of  lengths  of 
the  sections  of  a  pole  within  commercial  limits  have  but  little  effect 
upon  its  strength,  stiffness,  or  weight.  The  section  lengths  given 
conform  closely  to  those  usually  employed.  In  general  a  number  of 
poles  will  satisfy  the  requirements,  and  choice  must  be  made  from 
those  of  the  proper  length.  Usually  the  lightest  w.dght  pole  would 
be  selected  unless  the  deflection  was  considered  too  great,  in  which 
case  the  choice  would  be  determined  finally  by  the  deflection. 

Steel  Pipe  used  in  making  Poles.  All  steel  pipe  used  in  making 
up  poles  should  be  good  quality  of  mild  steel  of  uniform  thickness, 
free  from  bad  welds,  cold  shuts,  outside  slivers,  cracks,  flaws,  open 
seams,  rivets  or  other  imperfections  which  would  affect  the  strength, 
life  or  appearance  of  the  pole.  The  table  on  page  630  gives  data 
on  steel  pipe  which  was  used  in  making  up  the  tables  on  pages  626 
to  629. 

Joints  in  Steel  Poles.  The  joints  should  be  18  in.  in  length  and 
should  be  made  hot  without  reducing  the  diameter  of  the  smaller 
pipe  more  than  H  in.,  and  without  any  reduction  in  the  thickness  of 
dther  pipe.  The  completed  joint  should  caliper  the  same  outside 
diameter  for  its  entire  length,  should  be  free  from  cracks  or  flaws, 
and  should  be  water  tight.  Any  pole  when  dropped  three  times 
from  a  height  of  6  ft.  upon  a  solid  wooden  block  on  a  rigid  base 
should  not  show  any  telescoping  at  the  joints. 

Ground  Sleeve.  A  ground  sleeve,  if  required,  should  be  made  of 
standard  weight  pipe  3  ft.  in  length;  it  should  be  shrunk  on  the 
butt  section  with  the  center  of  the  sleeve  6  ft.  from  the  base  of  the 
pole. 

Wood  Poles 

Classification    According   to   Purpose,    AJS.R.E.A.  Standard. 

To  determine  the  character  of  poles  to  be  used  in  trolley  line  con- 
struction, they  may  be  divided  into  three  classes,  A,  B,  C. 

Class  A.  For  span  construction  on  streets  or  rights  of  way  where 
a  35  ft.  span  is  required,  or  for  heavy  feeder  lines  carrying  from 
one  to  six  cross-arms. 
40 
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CHESTNUT  POLES 


631 


Class  B.  For  span  or  bracket  construction  where  spans  are  not 
•  flora  than  35  ft.,  or  bracket  line  construction  carrying  two  trans- 
!  oission  circuits,  one  feeder  arm,  and  two  telephone  and  signal 
'ims. 

:  I  Class  C.  For  constructing  telephone,  signal  and  other  light  aux- 
;  iary  lines  where  no  side  strain  is  required. 


Chestnut  Poles 

Minimum  Dimensions  of  Chestnut  Poles  in  Inches 

(A.E.R.E.A.  Standard) 


'.:'■ 

Class   A* 

Class  B* 

Class   C* 

■  length 
;rf  poles 
f  (feet) 

Circumference 

* 

Circumference 

Circumference 

Top 
(inches) 

Six  feet 

from  butt 

(inches 

Top 
(inches) 

Six  feet 

from  butt 

(inches) 

Top 
(inches) 

Six  feet 

from  butt 

(inches) 

;-  r  25 
:     30 

;:    35 
::    40 
:■;  45 

:[.    50 
?!      55 
;-      60 

24 

24 
24 

24 
24 
24 

32 
22 
22 
22 
22 

36 
40 

43 

4| 
48 

51 
54 
57 
60 

63 
66 

21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

31 
36 
40 
43 
47 
SO 
53 
56 

59 
62 
6S 

20 
20 
20 
20 
20 
20 
20 

30 
33 
36 
40 

43 

46 
49 

^  "'65 

i:  ■  70 

i[75 

"J 

.  .    . 

::*See  page  625. 

flQiudity  of  Chestnut  Poles  at  Time  of  Delivery.  A  pole  should 
l:H  have  been  cut  over  2  years,  nor  should  it  have  been  cut  when 
It  shoiild  not  be  shaved,  nor  should  it  have  a  crack  or  large 
m  checks  or  short  crook  or  a  crook  or  sweep  in  two  planes,  or  a 
)rt  reverse  curve.  Poles  over  30  ft.  in  length  should  have 
sweep  than  the  shorter  poles  and  as  follows  (A.E.R.E.A. 
indard) : 


Length 
35". 
40  ft. 
45  ft. 
SO  ft. 
55  ft. 
60  ft. 
6s  ft. 
70  ft. 


Sweep  not  over 

10  in. 

11  in. 

10  in. 

11  in. 

12  in. 

13  in. 

14  in. 

15  in. 


The  sweep  is  measured  between  the  6  ft.  mark  and  the  top  of 
icpole. 

All  poles  should  have  sound  tops.    Poles  with  double  tops  should 

examined  carefully  for  split  tops  or  rot  where  the  two  parts 

Ji.    All  poles  should  have   reasonably  sound  butts.    Hollow 

itts  shouui  be  carefully  examined,  and  poles  having  them  re- 
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]ffish  Coadttctivity  Trolley  Wire,  Round  and  Grooved 

(A.E.R.E.A.  Standard) 

MateriaL  The  material  of  which  high  conductivity  trolley 
wire  is  made  shoidd  be  electrolytic  or  low  resistance  lake  cop- 
per wire  bars  of  quality  specified  by  standard  specifications  for 
electrolytic  copper  wire  bars,  cakes,  slabs,  billets,  ingots,  and 
ingot  bars,  or  lake  copper  wire  bars,  cakes,  slabs,  billets,  ingots, 
and  ingot  bars,  adopted  by  the  American  Society  for  Testing 
Materials,  August  25,  1913.  Necessary  brazes  in  trolley  wire 
should  be  made  in  accordance  with  the  best  commerical  practice, 
and  tests  upon  a  section  of  wire  containing  a  braze  shoidd  show 
at  least  95  per  cent,  of  the  tensile  strength  of  the  unbrazed  wire. 
Elongation  tests  should  not  be  made  on  test  sections  including 
brazes.  The  wire  should  be  of  uniform  size,  shape,  and  qusdity 
throughout,  and  should  be  free  from  all  scale,  flaws,  splits  and 
scratches  not  consistent  with  the  best  commercial  practice. 

Round  Trolley  Wire 

(A.E.R.E.A.  Standard) 

Dimensions.  Dimensions  of  round  trolley  wire  should  be  ex- 
pressed as  the  diameter  of  the  wire  in  dedmsd  fractions  of  an  inch, 
using  not  more  than  three  places  of  decimals;  i.e.y  in  even  mils. 
Wire  should  be  accurate  in  diameter.  Variations  of  i  per  cent, 
over  or  under  nominal  diameter  are  permissible. 

Tensile  Strengtii  and  Elongation.  Round  trolley  wire  should 
be  so  drawn  that  its  tensile  strength  will  not  be  less  than  the  mini- 
mum values,  nor  more  than  the  maximum  values,  and  its  elonga- 
tion not  less  than  the  minimum  values,  given  in  the  following 
table: 


Diameter,  in. 

Area,  cir.  mils 

Tem-ile  strength,  lb. 
per  sq.  in. 

Elongation  in  xo 
in.  (per  cent.) 

Minimum 

Maximum 

0.460 
0.410 
0.36s 

211,600 
168,100 
133.200 

49.000 
50,000 
51.600 

53.000 
54.000 
56,000 

3. 75 
3.25 
2.80 

The  elongation  should  be  determined  as  the  permanent  increase 
in  length  due  to  the  breaking  of  the  wire  in  tension  measured  be- 
tween bench  marks  placed  upon  the  wire  originally  10  in.  apart. 
The  fracture  should  be  between  the  bench  marks  and  not  doser 
than  I  in.  to  either  bench  mark. 

Inspection  for  Defects.  .For  the  purpose  of  determining  and 
developing  defects  which  may  be  prejudicial  to  the  life  of  trolley 
wire,  owing  to  its  peculiar  service,  as  compared  to  that  of  copper 
wire  for  other  purp)oses,  the  following  twisting  tests  shoidd  be  made. 
Three  twist  tests  should  be  made  upon  samples  10  in.  long  between 
the  holders  of  the  machine.  All  three  samples  should  be  twisted 
to  destruction  and  should  not  reveal  under  test  any  seams,  pits, 
slivers,  or  surface  imperfections  not  consistent  with  the  best  com- 
mercial practice.    At  the  time  of  fracture  the  wire  should  be  twist- 


STANDARD  TROLLEY  WIRE 


623 


ing  with  reasonable  uniformity.    All  samples  should  withstand  the 
foOowing  minimum  number  of  turns  without  breaking. 


Diameter, 
in. 

0.460 
0.410 
0.36s 


Area, 
cir.  mils 

211,600 
168,100 
133.200 


Twist  in 
10  in. 

8 

9 
10 


The  twisting  machine  should  be  so  constructed  that  there  is  a 
linear  motion  of  the  tailstock  with  respect  to  the  head.  The  twist 
shall  be  applied  not  faster  than  ten  turns  per  minute. 

Resistivity.  Electric  resistivity  should  be  determined  upon  fair 
samples  by  resistance  measurements  at  a  temperature  of  20  deg.  C. 
(68  deg.  F.).  The  wire  should  not  exceed  in  resistivity  900.77  lb. 
per  mile  ohm. 

Density.  For  the  purpose  of  calculating  weights,  cross-sections, 
etc.,  the  specific  gravity  of  copper  should  be  taken  as  8.89  at  20 
d^.  C. 


tAi    Wire 


yb 


Wire 


/ 


yb     Wire 
Fig.  27. — American  standard  grooved  trolley  wire  sections. 
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ELECTRIC  RAILWAY  HANDBOOK 

i)  7  ia.  top,  35  ft.  long,  for  intenirban  work;  (^)  8  in. 
top,  30  ft.  loD£,  for  heavy  dty  coo- 
struction;  (4)  8  in.  top,  45  ft,  long, 
for  feeder  Unes.    The  poles  are  cast 
in  molds   condsting  <k  three  z-iu. 
Georgia   pine    planks.     The   Mt 
planks  are  damped  in  position  by 
means  of  3  X  4  in.  notched  sticks.   | 
The  chamfer  of  the  p<de  comers  is  I 
provided    by   strips   of   triangular   I 
cross-section  nailed  inade  the  ^de 
planks.     Pieces  of  round  iron  sie 
inserted  wherever  holes  in  the  pole 
are  required.    The  gains  are  made  ' 
by   blocks    nailed   in    the   proper  ' 
[daces.    The  concrete  mixture  con- 
sists of  one  part  cement,  two  pari; 
j    sand  and  two  parts  broken  stone  oi  1 
g    H  in.  to  ?i  in.  size.     The  concrete 
I    is  mixed  by  band  and  transported 
<o    in   a    hopper   of    i    ton   capadty 
I    handled  by  a  crane.    The  standard 
■g    7  in.  X  30  ft.  pole  has  the  foUow- 
?   ing  reintordng:   twisted  steel  rods 

1  placed  about  i  in.  from  the  surface 
g  — four  5i  in.  X'  *9»  ft-,  four  a  in. 
S  X  23  ft.,  tour  a  in.  X  16  ft.,  and 
"Z  four  w  in.  X  8ft.  The  arrangement  1 
^  of  this  reinfordng  is  shown  by  Fig. 
3  31.  This  pole  weighs  approxi-  I 
Q    mately  jaoo  lb.  and  costs  complete, 

I  iocluting  all  material  and  labor, 
"^  maintenance  of  plant,  etc.,  S12.03 
.    at  the  place  of  manufacture.      Fig. 

2  32  shows  the  details  of  construction 
of  the  wooden  forms  for  this  pole. 
The  poles  with  8-in.  tops  have  the 
same  arrangement  of  rods,  all  of 
which  are  H  in.  instead  ot  yi  in. 
The  longer  poles  have  the  rods 
lengthens  at  the  top  ends.  The 
specifications  for  the  concrete  forms 
and  the  instructions  for  casting  the: 
poles  are  given  below.  | 


lishing  nails.     Side  c1«at9  t 

Chamfer  atripa  to  be  placed  oa  Eide 
Gain  block  placed  on  bottom  section;  if  chamfer  strips 
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Western  White  Cedar  Poles 
("Red  Cedar,"  "Western  Cedar,"  or  "Idaho  Cedar") 

Minimum  Dimensions  of  Western  White  Cedar  Poles  in 
Inches — (Circumference).    A.E.R.E.A.  Standard 


Length  of  poles  (^eet) 


Class  A* 


Top  38 


Class  B  • 


Top  25 


Butt 


Butt 


Class  C» 


Top  22 


Butt 


30. 

35 

40. 

4S. 
50. 

55- 
60. 

65. 


37 
40 

43 
45 
47 
49 
52 
54 


U 

38 

40 

42 

44 
46 
48 


30 
32 
34 
36 

38 
40 

41 
43 


*See  page  625. 

Note:    "Top"  measurement  being  the  circumference  at  the  top  of  the 
pole,  and  the  "  butt"  measurement,  the  circumference  6  ft.  from  the  butt. 

Poles  should  be  of  the  best  quality  of  either  seasoned  or  live 
green  cedar.     Seasoned  poles  should  have  preference  over  green 
poles,  provided  they  have  not  been  held  for  seasoning  long  enoiigl 
to  have  developed  any  objectionable  timber  defects,     Poles  show 
be  reasonably  straight,  well  proportioned  from  butt  to  top,  IxA 
ends  squared,  sound  tops,  the  bark  peeled,  and  all  knots  as& 
Umbs  closely  trimmed.    Large  knots,  it  sound  and  trimmed  dose, 
should  not  be  considered  a  defect.    A  pole  should  not  contaii 
hollow  or  rotten  knots,  nor  should  it  contain  sap  rot,  woodpeckers* 
holes,  or  plugged  holes,  nor  show  evidence  of  having  been  eaten 
by  ants,  worms  or  grubs.    A  pole  should  not  be  dead  nor  should 
it  have  dead  streaks  covering  more  than  one-quarter  of  its  sur- 
face.   A  pole  having  dead  streaks  covering  less  than  one-quarterj 
of  its  surface  should  have  a  circumference  greater  than  otherwise 
required.    The  increase  in  the  circumference  should  be  sufficient 
to  afford  a  cross-sectional  area  of  soimd  wood  equivalent  to  that 
of  a  sound  pole  of  the  same  dass.    A  pole  should  not  have  more 
than  one  complete  twist  for  every  20  ft.  in  length  nor  should  it 
have  a  large  season  check  or  crack.    No  pole  should  have  a  short 
crook  or  bend,  a  crook  or  bend  in  two  planes,  or  a  reverse  crook 
or  bend.     The  amount  of  sweep  measured  between  the  6   ft. 
mark  and  the  top  of  the  pole  shoidd  not  exceed  i  in.  to  every  6  ft 
in  length.     A  pole  should  have  no  "cat  faces,"  \mless  they  ai 
small  and  perfectly  sound  and  the  pole  has  an  increased  diametc 
at  the  "cat  face,     nor   have  "cat    faces"  near  the  6  ft.  mari 
or  within  10  ft.  of  its  top.    A  pole  having  cup  shakes  (checks  i« 
the  form  of  rings)  should  contain  no  heart  or  star  shakes  whid 
enclose  more  than  10  per  cent,  of  the  area  of  the  butt.    A  pok 
should  not  have  butt  rot  covering  in  excess  of  10   per  cent,   ol 
the  total  area  of  the  butt.     The  butt  rot,  if  present,  must   bi 
located  close  to  the  center. 
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RdnfoFced  C4)iicrete  Poles.  Fig.  ig  and  the  following  tormiUas  . 
aie  from  the  report  of  the  Committee  on  Power  Distribution, 
A.E.R.E.A.,  1Q14..  The  square  section  is  more  efficient  and 
economical  than  either  the  hexagonal  or  the  octagonal.  The 
tvo  latter  were  developed  for  situations  in  which  the  square  pole 
would  not  present  a  sufficiently  artistic  appearance. 


± 

FlO-  ig, — Proposed  aectiona  for  concrete  poles. 
Square  Heiagonal 

Ana  -&•  Area  -  ^  (Approi.) 

-  ^^ —  (Apptox.) 


-  -^--  (Appro..) 
In  which 

X  =  deflection  at  a   point    18  in.   below   top   of   pole, 

inches.     (See  note  below) 
P  "  horizontal  pull  at  a   point    iS   in.    below   top   of 

E'le,  pounds 
ngth  of  pole  from  point  of  application  of  P  to 
the  ground  line  (6  ft.  from  base  end),  inches 
L  —  length  of  pole  from  point  of  application  of  P  to 
the  ground  line  (6  ft.  from  base  end),  feet 
Es  =  modulus  of  elasticity  of  steel  used 
b  =  side  of  square  pole  01  instance  between  paratiel 
faces  of  tkexagonal  ot  octagonal  pole  at  ground 
hne,  inches 
d  —  diameter  of  steel  rods,  inches 
Four  pet  cent,  of  steel  u^d  in  all  sections. 
Note  :    The  above  report  states  that  coefficients  30, 40  and  47  oi 
the  formulas  for  deBection,  respectively,  should  be  increased  25 
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per  cent,  foi  practical  api^cation.    Kdative  to  the  coefficient  lot 
-    -  -  square  poles   tlie   igij 

"Further  .investigcttion 
shows    that    when  the 
uitibi*        concrete  is  assumed  not 
cracked   at  all  on   the 
tension  edge  the  con- 
stant may  reduce  to  as    i 
approximately,        and    | 
that   £or   concrete 
cracked    to    center   of 
pole   and    neutral   aiis 
at  centra,  the  constant   J 
may  increase  to  70,  ap- 
proximatdy.  Thetapci    1 
of  the  pole  will  also  tend    i 
to    increase    this    con-    | 
stant.     Hence    it   can 
only  be  concluded 
Tou^y  that  the  above    | 
formula   may   give  the    ; 
<T  deflections  for    ceitiin    ' 

assumptions,  but    thil    j 
'  the  range  oiF  vaiiatka    ' 

might,  under  umisuil 
condidons,  range  from 
33  per  cent,  less  to  100 
per  cent,  more  than  the 
values  (30,  40  or  47)  I 
given  in  the  fotmulas." 
The  values  in  the 
table  (pp.  637  to  639) 
from  the '  'Miscellaneous 
Practice"  of  the  Amer- 
ican  Electric  Railway 
Engineering  Associa- 
tion are  calculated  on 
the  proposed  design  o( 
M*  a      reinforced-concrete 

rrop  pole  of  square  cross-set- 

ipiminnwir  tion,  shown  in  Fig.  30. 
JUmtKn        Hanufacture  of  fie-  I 
rcimgii       inforced      Concrete 
^    ,  Poles.    The  New  York  ' 

'■^"-j  State  Railways  Co.  is 

IK/ll  T  successfully     manufac- 

l/\|   f  turing    tour     standard 

'         ■  i~-  azes  of  reinforced  con- 

Fio.  30.— Proposed  design  for  sqaare  concrete      crete   poles   as  foUows: 
*""•  (i)     7    in.    top,    30    ft. 

long,  the  standard  trolley  pole  for  city  construction  dtber  bracket 


CONCRETE  POLES 


637 


|99j  q^Snsq 


Q 

< 
O 

>A 

Q 

< 

CO 

o 

M 

H 
U 
(4 
*^ 
fH 

o 

H 

g 

o 

A 

O 
P< 
O 


•qi 

ai  pBOi  ajBs 


O 

•♦* 

6 
o 


o 
9- 

«S  o 

I 


(3 
o 


JO     ;q8i8A\. 


I 


-3 

o 
0* 


o 
o 


o 
o 
o 


o 
o 


o 
o 


o 
o 


o 
o 

eo 


o 
o 
o 


o 
o 


o 
o 


M 


00 


8 


o 
o 


o 

o 


o 
o 


& 


§•  }?  B 

PS 


|da|  q^idaoq 


00  00  00  00  00 

M  ei  n  n  n 


0000  00  00  00 
«  W  «  «  01 


Ok  Ok  Ok  Ok  Ot  Ok 
d  N  n  ««  c«  « 


O  ^  ^  AO 
M  n  n  e<  n 


o  o  o  o  o 

ro  ^O  f^  ^  ^ 


M  o  O  fcoo  wrtioHTf  i/)M^Mnoo  00  n  tovcoo  «  Tfo  «  o 
WOkrooOoO  t^'^MOioO  M0PMU5^O  wiO^Or*  Mt*0«0 
M  M  fO»0  Ok       fOOO  ^Ooo       MMfO'OOk'O      *^f*>0>t^w»      M  i-i  roO  Ok 


o 


00 


M 


«fl  Ok 
O  I-. 

O   H 


O  PI 

•        • 

H   H 


»ooo 

O  rct^ 

■        •        « 

M    H   O 


OoO  O 

•       •       • 
M    M    O 


i/)00  V) 
oo«0  f*)r* 

•       •       •       • 
H    M    O    O 


O  O  N  Wi 
rooo  OoO 

v)  Ooo  w) 

•    •    •    • 

M    M    O    O 


O  too  Ok-O 

O  t^  oooo 
00  «  oo  rt 

•        •        •        •        • 

M   H   O   O   O 


O  O  O  TfO 
^N  «  roOk 
^O  t^wirO 

•        •        •        «        • 

H   M   O   O   O 


00 


O  «oO  O  « 
00 -O  ^O  Ok 
O  t^ii^rfw 


M       M  O  O  O  O 


«o  « 
to  « 

M   H 


O    O    M 

OOO  lO 

•      •      • 

M   O   O 


io»oO 
N  f*)00 

*       •       •        •       * 

(4  M  O  O  O 


O  O  O  t*u» 
W  mO>0  Ok 
r»»o  fON  H 

•  •       «       •       • 

O  O  O  O  o 

O  >o  O  POO 

O  toao  ro  Qk 

ro  C4  M  H  O 

•    •    •  •    • 

O  O  O  O  O 

O  t^OOoO 
00  M  OkO  ^ 
M   H   O   O   O 

•  •        •        ■        • 

O  O  O  O  O 


«o 

fO 


O  fO 
O  M 


O  •^uj 

t»00  00 

t*  CI  Ok 

•    •    • 

M    M    O 


«0  ro« 
^MO 

lOMOO 

•        •        • 

H   H   O 


coon 
0k«0  ■* 
00  foOkt^ 

•  9  •  • 

M    H    O   O 


O  V)  V)  O 
00  00  too 

<0  >-«  OOO 

•    •    •    • 

M    M    O   O 


too  to O  N 
^1^  roio-'t 

M  ^O  t^tO 

*       •       •       •       • 

c«  M  M  O  O 


O  O  toioto 

POO  00  TfOk 
00  N  00  O  ^ 

•        •        •        •        ■ 

M    M   O    O   O 


to 

H 


too  o  o  to 

M   lOlO  TfO 

too  t^O  Tt 

•       •       •       •       ■ 

M  M  o  o  o 


o 

H 


o  o  oo  o 

POrfO  «  PO 
WOOO  't PO 

•       t       •       •       • 

»-i  o  O  O  o 


to  to 

O  t^ 

o>« 


too 

M    M 

oo 

•       « 

o  o 


O  «  1^ 

»OM  Tf 
Tj-PON 

«        •        • 

OOO 


O  O  to 

MO  to 
O  WOO 

•       •       • 
«    M    O 


to  o 

M    W 
O   Tf 

•       • 

o  o 


O  O  to 

O    MO 

CO«    M 

•       •       • 

OOO 


o  too  Ok 

«  O  PON 
t^OO  ^ 

•       •       •       • 
M  M   O   O 


too 

M    M 

P0« 

•       • 

o  o 


to  ^o  iO'«t 

oo   M    M    M 

POO  00  to  PO  « 

•       •••«• 

POM  o  o  o  o 


O  to 
too 


O  to  N 

to  ooo 

M    M    O 

•        •        • 

OOO 


to  «  o 
r^  to  ^ 

OOO 


O 

o 


O  to 

00  O 

«        • 

fO  « 


o  o 

00  t^ 

•        • 
N    M 


O  O  to 

M  TffO 

O  M  r^ 

•  •  o 

N  M    "^ 


Ttioio  o  o 
O  r^  O  t»0 
OkOO  O  to  PO 

OOOOO        P^MMOO 


to  «0  '♦oo 

00  ^OOOO 

'^MOO   «   •^^ 

CI  N  too  O 

«  o  o  o  O 

M  M  r^M  (1 

00  O  0'*>fl 
o  •*)  o  1^  »o 

•^•^Moo  Ooo 

m  COM  tot^ 

O  r-O  -^oo 

tOOO  mO  k-l 

tooO  CIO  PI  i^ 

•^c«  o  r-o 

tooo  «  t^  c» 

M   M    M 

N  PO^-'ftO 

M    M    N    « 

rorf^l-ioo 

M    M    M 

/-^   M  <D  <D 


I 
M   M 


fO'4-ioOt^      00  OkO  MM       ro^toot^oo       Ok  O  m  «  PO       co^toor* 

"ixxxxx   xxxxx   xxxxxx   xxxxx   xxxxx 

^fO^toO  to      ooOkOMW       PO'^ioOt^oo       Ok  O  M  «  PO       PO^toor^ 


too  t^oo  Ok 


too  t»oo  o 


O  M   C«  fO'<t        tOOt^OOOO         MCIP0"*tO 

SxXXXX  XXXXX  XXXXXX  XXXXX  XXXXX 

C  too  t*00  Ok   O  M  c»  PO  ^   too  t*00  Ok  O    M  «  PO  't  to   too  t^OO  Ok 


tooooooooo 
M  ei  ei  M  01 


00  00  00  00  00 

Pt  N  N  CI  CI 


Ok  Ok  Ok  Ok  Ok  o 
c«  e«  C4  M  n  c« 


Ok  Ok  O  Ok  Ok 

n  c«  CI  01  M 


OOOOO 
fO  oo  PO  PO  PO 


638 


FXECTRIC  RAILWAY  HANDBOOK 


%99}  q^Suaq 


(A 

Q 

< 
O 


CO 


S 

o 

PL, 
H 

O 

O 


8 

O 
Z 

M 


•qi 

at  p«oi  9ps 


0) 

5 


o 
u 


00 

M 

o 


0,0 


o 

■*» 

t— « 

■i 
s 


o 
o 


o 
o 


o 
o 


o 

o 


o 
o 


o 
o 

00 


o 
o 


o 
o 


o 
o 


o 

o 
o 


o 
o 
00 


o 
o 


o 

o 


o 
o 


o  o  e  o  o 

fO  ^  fO  ro  rO 


^  rO  ^  fO  ^       ^  ^  ^  ^  fO  ^ 


M  n  (^  <i  fi  ei 

ro  fO  fO  fO  fO  ^ 


o  o  o*o  Ok 
wioo  O  M  CO 

MO  MOO  to 
M    M    W    «    fO 


00  t^t^o  « 
OOoo  OtO 

M  M   d   lOOO 


»*  o>t*r»oo  O 
Ok  o  o  aoo  Ot 

»H«0  •-'O  »*J'i 

M    M    W    CI    fO  't 


fO  OkO  tH  t»oo     (odooto 

M  M  M  v)ao  H      in  o  w)  n  0 

H  M   «   «  «♦ 


Ok 

O 

"o" 

00 


00  M 

M  O 

•  • 

N  M 


00  lO 


fOOO  PO 
O  r*5  « 
■*0  fO 

•        •        • 

Ci   M   M 


O  '♦Tf 

O  O   PO 

•  •       • 

e*  M  M 


•^MOOOO 
O  t^TfO 

OOO  c«  O 

■    •    •    • 

(i|    M    M   »H 


HI  00   M   « 

fOf*5  Ok  00 
rOO  OOO 

•        •        •        • 

M   M   M   O 


OOO  ■^oo 
M  Ok  O  row* 
0»0k^0kr» 

•         •         •         •         • 

rt  M  M  O  O 


f^O  t^oo  ro 

TtO  M  t»0 

•  •    •    •    » 

f<    M    M    O    O 
"■^  C«  O   Tf  Tf 

^ro  ro  M  O 

Ok  ro  OkO  M> 

•  •    •     •    • 

M    M    O    O    O 


00   Ok  MOO  00 

m  Ok  OO  t^ 
•^Okt^'^ro 

•        •        •        •        • 

M  o  O  O  O 


C^OOO   PI   N 

r^OO  »-•  'O 
OkO  TfrOM 

•         •         •         •         • 

o  O  O  O  o 


O  fO  -^oo 

00  ro  ro  »«  « 

^ro  «  M  M 

•     •     •     •     • 

o  o  o  o  o 


O  >o 

rOOO 

•         • 

M   M 


M  O 


O  lOiO 

00  O  fO 
lOOkTf 

•       •       • 

M   M   H 


M   O    -* 
fOO   M 

rooO  PO 
•    •    • 

M    M    M 


lo  o  >o  lo 
O  M  r^w> 

00    O   ^M 

•       •      •      • 

n  d  M  M 


POOk  fOO 
O  M  r-Ok 

^t*M  Ok 

•       «       •       • 
(1   M    M   O 


O  >0  O    O    H 

rOTfO  O  ^ 
rOH  tONoo 

•        •        •        •        • 

PO  «  •-"  M  O 


r«  O  lo  v)io 

O  r^POOO 
Oeo  POO  r> 

•       •       •       •       ■ 
C4    M   H    M   O 


r^O  O  M  OkO 
pooo  t*o  ^O 

PON  t^MOOO 

•       ••••• 

rOM  M  H  O  O 


r»0  fO 

t^OkfO 


TtOO  Ok 

»oo  ^ 

Okt*w» 


(>«   M   M   O   O   O 


PO 


O  lOW)  O  O  V) 

SO  o  PO 
r»0  -^ 

•       •       « 

o  o  o 


POO  o 

•       •        « 

N   M   M 


lO  lO 

00  ro 
00  >o 

•  • 

ro  M 

O  O 

00  o\ 

lOUJ 

•  • 


v>0  vi 

O  ^Ok 

O  •-•  1^ 

•    •    • 

M    M    O 


OOO 
r-«  ro 
»0  "^■fO 

•       ■       • 

OOO 


o  too 

MO    Tf 

M  r^  lo 

•       •       • 

MOO 


lOO  lO 

»».  o  « 

PO  PO  w 

•       •       • 

OOO 


lo  Ok  »o 
O  r<  Ok 
M  M  t>. 

•        •        » 

N   O   O 


»OM  r* 

loooo 
lOrow 

•        •        • 

OOO 


O   M    0\ 
OlTj-O 

M    M    M 

•      •      • 

OOO 


■o« 


;  «^ 

'vyO 

.  fix 


i/>0 
•  Ott 
■  n« 

•     I 


nnOk 

OkCtr 

•  •  • 


•    •  • 

n  Mn 


p^'t^■ 
.  •  •  • 

nHMM 


•  •  •» 


fOHflJI* 
O  «  M^^ 
O  M  WJMi 


M 

PO 


o  o 

POCI 


8 


w>0 
Ok  Ok 
lOOOOO 

•       •       • 

^M  M 


CO  lAHbS 

lOMOok^a 

t%  H  H  OP 

O   «Tt^ 

H  HOMO 

r»«flOOt 
H  H  d  d  0. 

t«OkOOO<* 

00  o  ^22 

M  OOOO 


O  lOO 

o  POO 

O  Ok«« 

•        •       • 
fO  M   M 


too  OtO 

«  oo  PO 

O  to  OkO 

•       •       •       • 

c«  M  o  O 


Vi<C  Ptt*J 
loO  ronj 

o  o  d  00 


OkPOOrtJ 

«  O  hO« 

Tf»0«  ***[ 

o  ooog 


o 
o 


»2 
"o 
a 


a 
o 

a 
•c 

m 

a; 

Q 


c«  d  g 

P2 


ft  '  a 


09 


PQ    CO  4J 


)d9j  mSuaq 


O  O  t^OO  ro 
Tt>o  M  r*»0 

C<   M   M   O  O 


O  O  «oto  O 
•^roPi  ^Ok 
^M  hO  ro 


t^  O  PO 
t^Ok  PO 

N  M 


a^ 


00000        ^p^mOO        000 


•^o^  otociO^io 

r*  10  ^  M  M  lOOO  H 

00  O  -"tPOl*  ^PO 

•       ••  •••••■ 

000  tOMMOOO 


ioO«i[ 

H  00 


O  O  ooo 


O  O  w>  M  10 
00  ^  t*  Ok  «0 
00  lOM  O  Ok 
«  CO  ■^  to  to 


O  OkNOOO 

00  OkO  Otto 
tooo  por»  PO 

M   H   « 


OOO  00 

l^tOM 

OkO  f 
N  PO-T 


r^  Tf  O  O  00  f  O  «  «  O  O kO  "2 

'ttoro  OM'TtOPOt*  t*0  >*  "W 

«  M  M  >n  Ok  POOO  ^o  t^to^^l' 

too  r^  M  M  «  PO  fO^wJ'O*' 


•-•.  I     I     I     I     I  I         I     I     I     I     I     I  II         I    I    I    I  ' 

MMM  MMHHX 


I      I      I      I      I 
M    M    M    M   M 


I       I       I       I       I       I 


00  Ok  O  M  P« 


o  ^  io>o  r^     00  Ok  o  M  «  PO 

M   H   M   H 


PO^tOO  1^00 


OkOHPlJ 


JSXXXXX   xxxxx   xxxxxx   xxxxxx   xxxx); 

wOOOkOHM       POrftoOt*      00OkOM«p0      P0^IOOt<-Q0       0»  O  h  n  J 

MMM  MMMM  MM   H». 


O  M  N  ro  ^      too  1^00  Ok       O  M  M  ro  ""J-to 


loot^oooko     M  «  po;*IJ 

M  M  M  H  MH 


z'   ^    ^     ^^     r^     r—*     r-^  ^     ^^     ^     ^     ^     ^  W^  ^    r^    "-•    -  - 

jgxxxxx  xxxxx  xxxxxx  xxxxxx   XXXX)j 

wOMWPO-'t  too  t^  00  Ok  OHwroTfto  toor^ooOkO      mnpo** 

MMMMM  MMMMHM  MM   M   M  H  W 


00000  MMMMM  MMMMMM  CIP^nCICIM  «M«Jl2 

PO  PC  PO  PO  PO       POPOPOPOPO       fO  PO  PO  PO  PO  PO       PO  fO  »0  PO  PO  PO       fOfOfOW 


CONCRETE  POLES 


639 


f)  <•>  f5  ("J  ^9  fJ 

fO  **)  f)  f>  fS  f3 


fO  fO  fO  fJ  fO 

•0  fO  f)  <*>  fj 


fO  ^  fO  'O  'O  ^ 


^0  fO  ro  ro  ro 


ro  fO  'O  ^  ^  ^ 


fj  PO  *•}  C*5  to 


O  f)  M  ©  ^00 

H  H   M  tOf.  O 


O  O  O  M  o 

rfOi  TfMOO 
M  H  «  rOf*5 


>0  t^  W)  t«  Tf  t<> 

Ot-<tioo«<0  f*J 

M   C4  V)t»  O 


t^oO  O  I/)  w> 

«nO  O  O  •-• 

M   M   «   CO  fO 


r«  o  o  otoo 

#*500  fOOO  »/> 
M  M  N  en  r*5 


V>0 

«  • 


o 
o 


o  o 
o  o 

M    rt 

•       • 

f*5  « 


o 


o 


I 
I 

O 


o  o 
■*oo 

«    M 


o  o 

•       • 


«  l> 

•       • 

row 


O  O  O 

M   PIOO 

Ok  CIO 

•       •       • 
W    «    M 


00  i/>0 

oo  r-  N 

«  '"to* 

«       •       • 


o  o 

c«*0 

•        • 

en  « 


1^  ao 

•       •       ■ 
d   H   H 


O  r»oo 

00   MO 

•  •  • 

M  M  M 


O  O  V) 
00  PO^ 

M  rtoO 

•       •       • 


MOO   O   O 

lot^oo 
O  MO  n 

•       •       •       • 
P0«   M  M 


O  f-O  o 

w)0  0  "«t 

•       •       •  • 

roM  M  M 


o 


o  o  o 

>0  O  0\ 
r*t*ooO 

«       •       •       • 
POP*    M   M 


«  fOO  N 

M  T}>r»ci 

r*  Ov  't  M 

•    •    •    • 

e«  H  M  M 


r^oo  w>r* 

O  MO  M 

•         •         •         • 

ro  M  M  M 


O  O  O  O 

O  Ooo  ^ 

P^^O  ^ 

•        •        •  • 

PO  «   M  M 


O    PO  M    M   M 

0\  t^  O  O^oo 
f*>  por»  N  o» 

•       •        •       •       • 

ro  n  M  M  O 


O  «ooo  0\V> 

MOO    M    ^N 

ooo   0\^M 

•  •  •  •  • 

ro  cn  M  M  M 


v)0  O  O  O 
O  ^O  t^O 
PC  O*  M  ^Pl 

«         •         •         •         • 

rfn  M  M  M 


PO'«too  t*  O 
O  POU>o  '4- 
r*0  ^Moo 

•       •       •       •        « 

M  M  M  M  O 


00  «0  'tt"  O 

»o  o»  't  PCO 

«  «o  «  o^ 

«       •       •       •       • 

PO  Pn   M   M   O 


o  o  o  o  o 

Oi  f*  OOoo 
O  U)00  M  O 

•        •        •        •        • 

fO  Pn    M    M    M 


o 
PO 


00  T^w> ^M 

d  O  H  p»  O 

•       •       •       •       • 
M    M    M    O   O 


o 

PO 


O  O  M  o  o 

M  M  t^  POOO 

t*0»  POO  r» 

•        •        •        •        • 

en    M   M    M    O 


Vi 


O  to  o  to  lo 

O  TfPOIOOO 
O   H   U)MOO 

•        •        •        •        • 

rO  M  M  )H  O 


en 


MO  en 00  M 
^lor*  POO 
Oipooit*»o 

•       •       •       •       • 

M   M   O   O   O 


o 

00 

M 

PO 


eno  Pn  0>  0\ 
t*  PO  Ov  0»  PO 
M  lOO  C*0 

•        •        •        •        « 

en  M  H  O  O 


O 
PO 


O  O  O  O  O 

ooo  O  TfM 

^O  cnoo  r^ 
•    •    •    •    • 

en  M  M  o  O 


O* 

O 


O  r«O>P0O 
lOM  en  locn 

•        •        •        •        • 

Kl  M  O  O  O 


o  to 
Ooo 
O  PO 

■      • 

rO«n 


O*  O  «<i  M  o 
en  ^  «  en  00 
O  Mooo  ^ 

•        •        •        •        • 

M   M   O   O   O 


o  to 

M   to 
MO 

•  • 


too  o  o  o 

'to  O  PO  "* 
00  en  ovO  to 

•       •       •       •       • 
M    M    O    O    O 


o 

00 
PO 


OOOO  Oit^ 

^«'^»oeo  o* 
ao  tpoen 

6  6666 


§o  O 
O  0\ 
O  ^tO 

■       •       • 

PO  en  M 


OOOO  ^  Ov 
OOO  '*0>M 

O  r^topo  PO 

•       •       •       •       • 

M  o  o  o  o 


OOO 
fO  POt* 
en  r»r* 

^■en  M 


o  o  o  o  o 
PO'tO  eno 
.«  00  O  ^  fO 

•        •        •        •        • 

M  o  o  o  o 


toio  o  PO 

enooo  Ov 

OkO  OO 
.    .    .    • 

en  M  M  O 


O  OvPO^il 
00  PO  ^i  00  ^ 

"(hpocn  M  M 

•       »       •       •       • 

O  O  O  o  o 


o  o  o  lo 

«<«  6  o  Oi 

MOO  en  r* 

•   •  •   • 

PO  M    »H    O 


fO  'it  PO  t*  O* 
TJ-OO  C*  O  to 

to  poen  en  M 

•       •       •       •       • 

O  O  O  O  o 


o  o  loto 

OiMOOO 

O   M   fOOO 
•       •       •       • 

PO  en  M  o 


o  o  o  o  o 

M  en  O  M  00 
O  ^POPn  M 

■        ■        •        •        • 

O  O  O  o  o 


O  (oiofo  O  ^ 
t«  pn  to  c«  ^to 
O  1^  ^00  to  PO 

toen  M  d  6  d 


M    POO 


POOv  M 
^O  en  ar* 
en  M  H  O  O 


O  too  O  O  t^ 
1^  r-O  O  O  Ov 
POO  to  OiO  PO 


M  «n  O  PO  0> 
l^  0\  PO  O  1^ 

C<|   H   M   M   O 


o  o  lo  o»  rj-io 
en  ct  Tftooo  Tf 
M  ^00  OO  "«t 

t^  eo  M  M  6  d 


't  POM  lor^ 

O    M    lOMOO 
fO  M    M    M    O 


OOOOO     opomooo      ooooo 


o  o  o  o  o 


Ot  r^O  itoooO 

M   tOOO    MOO 

o  Ok  PO  o^  toM 

M  M  en  PO 


Tj-cn  t*0  O 
OO  t^toOt 
00  r- to  to  to 

PO^toO  «^ 


l^OOO   N   ^'t 

POOO  en  « ooo 
O  0\  ^0>  to  ci 

M  M  en  PO 


en  loio  0\  O 
M  ^lO  ^e< 
Ooo  r-t^oo 

Tt^tOO  i» 


O  too  O  O  O 

to M  t^ POOO 

O  O  -^OO  PO 
M  M  en  en  PO 


Ooo  TtoO  o 
POOO  en  r}-»o 
M  o>  0»-0»  O 
'«*•'*  too  00 


I  I 


s£ONMvaOs-*v«p 

I  I  I  I  r 


II      I  I  I  I  I 


Nr^vOOv^        vMv«i        >«  vf*  >flB  v*  >* 
II  I      I      I      I      I 


po^too  r*oo      o»0  M  en  PO      po^too  r^oo 


PO'ttoO  t»oo       Ov  O  M  en  ro 


0\0  M  en  PO 

xxxxxx  xxxxx   xxxxxx   xxxxx  xxxxxx   xxxxx 

P0^tOO**00       OiOMCtPO       co^toot^oo       o  O  M  pn  PO       PO'^toor^oo       Ov  O  M  M  PO 


too  r«ao  0>  O       MpneO'^to  too  t«oO  O^  O       M«fO^»o  too  t^oo  Ov  O       MC«ro^to 

MMMMMM  HMMMMM  MMMMMM 

XXXXXX  xxxxx  xxxxxx   xxxxx  xxxxxx   xxxxx 

lOOr^'OOOkO       MenPO'^to  too  t^oo  Os  O       Mctro^fto  too  r^oo  0>  O       MPneo^to 

MMMMMM  MMMMMM  MMMMMM 

I  fO  POPOPO  PO  PO   fOPOPOPO  PO  rfTt"^  Tf  ^'  tt       ^•^"Tf  Tt  Tt 

■  fOPOrOPOPOrO   COPOPOPOPO  pO  PO  pO  pO  pO  PO   PO  PO  PO  PO  PO 


lO  iO  to  lO  to  to 

PO  PO  PO  PO  PO  fO 


to  to  to  to  IO 

PO  PO  PO  PO  PO 


ELECTRIC  RAILWAY  HANDBOOK 

(2)  7  ID.  top,  35  ft.  loi^,  for  intenirban  work;  (3)  S  in. 
top,  30  ft,  long,  for  heavy  city  CMh 
struction;  (4)  8  ia.  top,  45  ft.  long 
for  feeder  lines.     The  poles  are  ast 
in  molds  consistiog  (A  three  i-a. 
Georgia    pine    planks.      The   sdc 
]^anks  are  damped  in  poation  ir/ 
means  of  3  X  4  in.  notched  sticks.  1 
The  chamfer  of  the  pole  comers  is  | 
provided    by   strips   of   trianguUt; 
cross-section  nailed  inside  the  side' 
planks.     Pieces  of  lound  iron  ait 
inserted  wherever  holes  in  the  pofci 
are  required.     The  gains  are  made 
by   blocks    nailed   in    the    props  1 
places.    The  concrete  mixture  con- 1 
sists  of  one  part  cement,  two  parts  j 
d    sand  and  two  parts  broken  stone  of  I 
I    M  in.  to  94  in.  size.     The  concrete ' 
E    is  mixed  by  hand  and  transported  i 
la    in   a    hopper   of    i    ton    capadt;  I 
[    handled  by  a  crane.    The  standaid 
■3    7  in.  X  30  ft.  pole  has  the  foUov- 
„    ing  reinforcing:   twisted  steel  lofc 
£    placed  about  i  in.  from  the  sutfut 
a    —four  a  in.  X'  19M  ft,,  four  a  in 
3    X  13  £t.,  four  a  in.  X  16  ft.,  ami 
"S    tout  Ji  in.  X  8  ft.    The  arrangement 
S    of  this  rrinfordng  is  shown  by  fig. 
5    31.       This  pole   weighs    approa- 
1^    mately  3200  lb.  and  costs  complete 
I     inc1u(£ng  all  material   and   ^ibot, 
^   maintenance  of  plant,  etc.,  fn.oj 
.    at  the  place  of  manufacture.      Fit 
£    31  shows  the  details  of  conatructicn 
of  the  wooden  forms  for  this  polt 
The  poles  with  8-in.  tops  have  the 
same   arrangement   of   rods,  all  1^ 
which   are   ^  in.  instead  of  !.j   in. 
The  longer  poles   have  the  rods 
lengthened  at  the  top  ends.      The 
specifications  for  the  concrete  formd 
and  the  instructions  for  casting  tM 
poles  ate  given  below,  1 
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ie  higher  tbui  gain  block.  ti 
'o?^'should  be  oiled  befon 


■e  placed  on  gain  block 


bolt  J.  sa 

days  after  casting  pok. 

-9  after  pole  is  cast* 


ahould  be  made  by ' 
oncrete  throuHb  form  and  pulled  i 
.  be  1oo»ned  By  turning  eliEhtly  ( 

Instructions  for  Casting  Concrete  Poles 

II  dirt.     Thoroughly  wi 
ir  d&t.     Place  the  propc 


tor  haadlim 

Tests  of  Concrete  Poles. 

From  testa  on  reinforced 
concrete  poles  carried  on 
under  the  direction  of  Mr. 
W.  R.  Molinard,  Oklahoma  i 
Gas  and  Electric  Co.  and] 
■^  Mr.  H.  M.  Fisher,  Nash-I 
viUe  Railway  and  Lightl 
Co.  it  was  concluded  that  | 
hollow  poles  are  not  sue-  ! 
cessful  in  resisting  shearing  forces  from  the  ground  line  down,  I 
as  all  showed  shearing  failure  in  this  region.  After  failure  the  | 
tendency  of  the  concrete  on  the  compression  side  was  to  slide  by  j 
that  on  the  tendon  side,  caudng  a  shearing  action  in  the  side  walls.  ' 
Poles  havii^  tew  bars  with  some  butt  reinforcement  were  shown 
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;o  be  preferable.  Hollow  poles  are  more  expensive  than  solid  ones, 
hey  axe  more  difficult  to  make  and  are  not  much  lighter  for  equal 
strength. 

Fig.  33  shows  stress-strain  diagrams  derived  from  tests  on  rein- 
orced  concrete  poles  carried  on  under  the  direction  of  Mr.  Henry 
>.  Throop,  New  York  State  Railways.  These  curves  show  the 
leflections  of  these  poles  when  under  various  loads  and  bring  out 

^.^-^  H  Qalr.  ThroHb  Bolt* 
(    2J^'jt  2)^x^«"0idT.  W.I.  WaAen 

"7  'OKS'Sik«^ln~24'0*/i»in  Top  of  Rail 


(For  11000 ToKs  vm  SJ^'x  4^'li.V.0tim  Anns 
11)4''''  ^^i"*  ^"^  '^"^  P^^ 
a/i    Vet  92000 Telts  UM  SH*!  4H"H.P. Onm  Arma 
JmIn  1«"*  *H"»  lH"Top  Loo«»«  PlM 


3^'xll|"x  28"BntOM  OiIt. 


^0  Oa  latfuyrtm^ and  atnn  Road*  ^  I <S 
7^0  Oa  ElMlrifled  8t«tm  uS^ia        <g  L<S 

as 


a     7' BOH 

IS. 

La 


Top  oT'liaU  LbM 


Fig.  34. — Typical  pole  construction,  trolley  and  one  transmission  line. 

he  fact  that  the  changes  from  the  standard  method  of  construe- 
ion  involved  in  bunching  the  rods  are  not  justified  by  the  resulting 
ight  increased  strength  of  the  poles.  These  were  7  in.  X  30  ft. 
oles  made  of  a  mixture  of  one  part  cement,  two  parts  sand  and  two 
arts  of  stone.  The  reinforcement  of  pole  No.  i  consisted  of  four 
rin.  twisted  rods  29^^  ft.  long  placed  in  the  comers  and  four 
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H  in.  X  23  ft.  rods,  four  H  in.  X  16  ft.  rods  and  four  H  in.  X  8  ft 
rods  evenly  spaced  along  the  sides.  (See  page  640.)  The  same 
construction  was  used  in  pole  No.  4.  Pole  No.  2  was  constructed 
in  the  same  manner  with  the  exception  that  three  of  the  center 
rods  on  each  of  the  two  sides  were  placed  back  of  the  rods  on  a  cob- 
pression  and  tension  side.    Pole  No.  3  was  constructed  in  the  sane 


)(*x  lM*x  vTOaXw, 


6'n^ -*i 

J<"x  4''Toe  Bolt  0»1t.  | 


^Ji"OM»ift  »•>*.  Q*l»-  "•*  WMbw 
Ifaebiaa  Bolt 


with  «  OkIt.  WaA««.  SjTx  2Vx  >^' 


Bolt.  GatT.wtth  WhAm* 
)i"x  l))(*k  S8^b«lr. 


Pig.  35. — Typical  pole  construction,  trolley  and  two   ii.ooo-volt  ti 

mission  lines. 

manner  as  pole  No.  i  with  the  exception  that  a  web  reinforcenu 
of  No.  8  steel  wire  was  wound  around  the  various  reinforcing  rodi 
at  intervals  of  5  in.  throughout  the  length  of  the  pole.  Ml  tbj 
poles  were  aged  from  4  to  4H  months.  Poles  Nos.  2  and  3  wa 
tested  simply  to  determine  whether  or  not  the  bunching  of  rei]| 
forcement  on  the  tension  and  compression  sides,  or  the  installatk| 
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of  web  reinforcement,  would  produce  enough  greater  strength  or 
stiffness  over  the  standard  method  of  construction  to  warrant  the 
expense  of  the  additional  reinforcement,  or  the  inconvenience  pro- 
duced by  the  necessity  of  placing  poles  like  No.  2  with  a  bunched 
reinforcement  in  such  a  position  that  the  tension  and  compression 
sides  would  always  be  perpendicular  to  the  direction  of  the  stress. 
For  testing  purposes  the  poles  were  set  6  ft.  in  the  ground  with  a  rake 
of  g  in.,  and  a  2-ft.  ring  of  concrete  i  ft.  thick  was  placed  on  the 
ground  line  and  also  at  the  butt.  Wooden  poles  were  placed  on 
the  ground  between  the  butts  of  two  of  the  concrete  poles  so  as  to 
niaintain  the  base  of  the  latter  in  position.  In  the  tests  the  poles 
did  not  move  in  the  ground  more  than  He  in.  A  Jie-in.  steel  cable 
was  connected  by  means  of  an  eye  bolt  through  the  pole  under 
test  at  a  point  21  ft.  above  the  ground  line,  and  a  5000  lb.  dyna- 
mometer was  placed  in  the  cable  close  to  the  pole.    The  cable  was 
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^G.  36. — Typical  jxjle-top  construction,  two  22,000-volt  transmission  lines. 


passed  through  a  sheave  at  the  same  distance  from  the  ground 
on  the  pole  opposite  the  one  under  test.  The  puU  was  applied 
by  means  of  a  set  of  tackle  blocks  in  increments  of  approximately 
200  lb.  up  to  failure.  Deflection  from  the  vertical  was  measured 
at  the  point  of  attachment  of  the  cable  by  means  of  a  surveyor's 
transit. 

Typical  Railway  Transmission  Line  Construction.  Figs.  34  to  3 7, 
Inclusive,  show  typical  11, 000- volt,  and  22,000-volt  pole  fine  con- 
Jtructions  from  the  practice  of  the  Connecticut  Company. 


specifications  for  Overhead  Crossings  of  Electric  Light  and 
Power  Lines.     (Recommended  by  the  A.  E.  R.  E.  A.) : 

General  Requirements,  i.  Scope,  This  specification  shall 
ipply  to  Overhead  Electric  Light  and  Power  Line  Crossings  (ex- 
|ept  trolley  contact  wires),  over  railroad  right-of-way,  tracks,  or 
ines  of  wires;  and,  further,  these  specifications  shall  apply  to 
)verhead  Electric  Light  and  Power  Wires  of  over  5000  volts  con- 
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slant  potential,  crossing  telephone,  telegraph  or  other  similar  lino. 
It  is  not  intended  that  these  specifications  shall  apply  to  crossing 
over  individual  twisted  pair  drop  wires,  or  othet  circuits  oE  minu 
importance  where  equally  effective  protection  may  be  secmd 
more  economically  by  other  methods  of  construction. 

i.  Location.  The  poles,  or  towers,  supporting  the  crossing  Sfa 
preferably  shall  be  outside  the  raiTrc^  company's  right-of-way. 

3.  Unusually  long  crossing  spans  shall  be  avoided  whereva 
practicable,  and  the  difference  in  length  of  the  crossing  and  adjoit 
ing  spans  generally  shall  be  not  more  than  50  per  cent,  of  the  lenglb 
of  the  crossing  span. 

I 


Fig.  37.— T>-pi=al  pole-1 


'olt  line. 


4.  The  poles,  or  towers,  shall  be  located  as  far  as  practical^ 
from  inflammable  material  or  structures. 

5.  The  poles,  or  towers,  supporting  the  crossil^  span,  and  tb 
adjoining  span  on  each  side,  preferably  shall  be  in  a  straight  line. 

6.  The  wires,  or  cables,  shall  cross  over  telegraph,  telephone,  am 
similar  wires  wherever  practicable. 

7.  Cradles,  or  overhead  bridges,  shall  not  be  used  beneath  th 
crossing  wires  or  cables;  but  in  cases  where  the  crossing  wires  t 
cables  cross  beneath  the  railroad  wires,  telephone,  telegraph,  d 
other  similar  wires,  a  protection  of  adequate  strength  and  pron 
design  between  the  two  sets  of  crossing  wires  or  cables  may  I 
required. 

8.  Unless  physical  conditions  or  municipal  requirements  prevent 
the  side  clearance  shall  be  not  less  than  12  ft.  from  the  neare) 
track  rail,  except  that  at  sidings  a  clearance  of  not  less  than  7  ft.  ma; 
be  allowed.  At  loading  sidings  sufficient  space  shall  he  left  for 
driveway. 

g.  The  clear  headroom  shall  be  not  less  than  30  ft.  above  the  top  t 
rail  under  the  most  unfavorable  condition  of  temperature    aa 
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loading.  For  constant  potential,  direct-current  drcuits,  not  ex-* 
ceeding  750  volts,  when  paralleled  by  trolley  contact  wires,  the 
clear  headroom  need  not  exceed  25  ft. 

10.  The  clearance  of  alternating-current  circuits  above  any  ex- 
isting wires,  under  the  most  unfavorable  condition  of  temperature 
and  loading,  shall  be  not  less  than  8  ft.  wherever  possible.  For 
constant  potential,  direct-current  circuits,  not  exceeding  750  volts, 
the  minimum  clearance  above  telegraph,  telephone,  and  similar 
wires  may  be  2  ft.  with  insulated  wires  and  4  ft.  with  bare  wires. 

11.  The  separation  of  conductors  carrying  alternating  current, 

supported  by  pin  insulators,  for  spans  not  exceeding  150  ft.,  shall 

be  not  less  than : 

Line  voltage  Separation 

Not  exceeding  7,000  volts 12  in. 

Exceeding    7,000,  but  not  exceeding  14,000 20  in. 

Exceeding  14,000,  but  not  exceeding  27,000 30  in. 

Exceeding  27,000,  but  not  exceeding  35i000 36  in. 

Exceeding  35,000,  but  not  exceeding  47,000 45  in. 

Exceeding  47,000,  but  not  exceeding  70,000 60  in. 

For  spans  exceeding  150  ft.  the  pin  spacing  should  be  in- 
creased, depending  upon  the  length  of  the  span  and  the  sag  of  the 
conductors.  * 

With  constant  potential  direct-current  circuits  not  exceeding 
750  volts,  the  minimum  spacing  shall  be  10  in. 

12.  When  supported  by  insulators  of  the  disk  or  suspension  type, 
the  crossing  span  and  the  next  adjoining  spans  shall  be  dead  ended 
at  the  |x>les,  or  towers,  supporting  the  crossing  span,  so  that  at 
these  poles,  or  towers,  the  insulators  shall  be  used  as  strain  insula- 
tors, or  the  height  of  the  wire  attachments  shall  be  such  that  with 
the  maximum  sag  in  the  crossing  span  occurring  from  failure  of 
the  construction  outside  the  crossing  span,  and  taking  into  account 
the  deflections  in  the  strings  of  suspension  insulators,  the  minimum 
clearances,  as  given  in  Paragraphs  9  and  10,  shall  be  maintained. 

13.  The  clearance  in  any  direction  between  the  conductors  near- 
est the  pole,  or  tower,  and  the  pole,  or  tower,  shall  be  not  less  than: 

Line  voltage  Clearances 

Not  exceeding  10,000  volts 9  in. 

Exceeding  10,000,  but  not  excecKling  14,000 12  in. 

Exceeding  14,000,  but  not  exceeding  27,000 15  in. 

Exceeding  27,000,  but  not  exceeding  35,000 18  in. 

Exceeding  35,000,  but  not  exceeding  47,000 21  in. 

Exceeding  47,000,  but  not  exceeding  70,000 24  in. 

14.  Conductors,  The  normal  mechanical  tension  in  the  conduc- 
tors generally  shall  be  the  same  in  the  crossing  span  and  in  the  ad- 
joining span  on  each  side. 

15.  The  conductors  shall  not  be  spliced  in  the  crossing  span  nor 
in  the  adjoining  span  on  either  side. 

Taps  to  conductors  in  the  crossing  span  are  generally  objection- 
able, and  should  not  be  made  unless  necessary. 

16.  The  ties  or  devices  for  supporting  the  conductors  at  the  poles, 
or  towers,  shall  be  such  as  to  hold  the  wires,  under  maximum  load- 

*  Note.  This  requirement  does  not  apply  to  wires  of  the  same  phase  or 
polarity  between  which  there  is  no  difference  of  potential. 
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ing,  to  the  supporting  structures,  in  case  of  shattered  insulators, 
or  wires  broken  or  burned  at  an  insulator,  without  allowing  an 
amount  of  slip  which  would  materially  reduce  the  clearance  sped- 
fied  in  Paragraphs  9  and  10. 

17.  Ground  wires  when  installed  as  protection  against  lightning, 
shall  be  thoroughly  grounded  at  each  of  the  crossing  supports. 
In  case  of  their  installation  on  steel  supporting  structures,  they  may 
be  clamped  thereto.  In  case  they  are  installed  on  wooden  struc- 
tures, the  ground  wire  shall  be  grounded  at  each  of  the  structmrcs 
with  a  solid  copper  wire,  with  as  few  bends  as  possible,  and  no  sharp 
bends,  and  not  less  than  No.  4  B.  &  S.  gage  or  equivalent  copper 
section.  The  ground  wire  itself,  in  the  crossing  span  and  the  ad- 
jacent spans,  may  be  of  the  same  material  as  the  conductors,  or  a 
steel  strand  not  less  than  M«  in.  in  diameter  may  be  used,  double 
galvanized,  and  having  a  breaking  strength  of  not  less  than  4500 
lb.  and  in  general  shall  follow  the  minimum  factors  of  safety,  as 
provided  for  the  rest  of  the  crossing  construction. 

If  cross-arms  are  grounded,  the  same  ground  wire  may  be  used 
for  grounding  the  lightning  protection  wire  as  in  grounding  cross- 
arm  strips. 

18.  Where  there  is  an  upward  stress  at  the  point  of  conductor 
attachment,  the  attachment  shall  be  of  such  type  as  to  properiy 
hold  the  conductor  in  place. 

19.  Guys,  Wooden  poles  supporting  the  crossing  span  ^all  be 
side-guyed  in  both  directions,  if  practicable,  and  be  head-guyed 
away  from  the  crossing  span,  and  the  next  adjoining  poles  shall  be 
head-guyed  toward  the  crossing  span.  Braces  may  be  used  in- 
stead of  guys. 

20.  Strain  insulators  shall  be  used  in  guys  from  wooden  p<^es, 
except  when  the  guys  are  through  groimded  to  permanently  damp 
earth. 

The  insulators  shall  be  placed  not  less  than  8  ft.  from  the  ground 
Strain  insulators  shall  not  be  used  in  guying  steel  poles  or  structures. 

21.  Clearing.  The  space  around  the  poles,  or  towers,  shall  be 
kept  free  from  inflammable  material,  underbrush  and  grass. 

22.  Signs.  In  the  case  of  railroad  crossings,  if  required  by  the 
railroad  company,  warning  signs  of  an  approved  design  shall  be 
placed  on  all  poles  and  towers  located  on  the  railroad  company's 
right  of  way. 

23.  Grounding.  For  voltages  over  5000  volts,  wooden  cross- 
arms,  if  used,  shall  be  provided  with  a  grounded  metallic  plate  on 
top  of  the  arm,  which  shall  be  not  less  than  H  in.  in  thickness  and 
which  shall  have  a  sectional  area  and  conductivity  not  less  than  that 
of  the  line  conductor.  Metal  pins  shall  be  electrically  coimected 
to  this  ground.  Metal  plates  and  metal  arms  on  wooden  poles 
shall  be  grounded. 

24.  The  electrical  conductivity  of  the  ground  conductor  shall  be 
adjusted  to  the  short-circuit  current  capacity  of  the  system  at  the 
crossing  and  shall  be  not  less  than  that  of  a  No.  4  B.  &  S.  gage  copper 
wire. 

25.  Temperature.  In  the  computation  of  stresses  and  clearances^ 
and  in  erection,  provision  shall  be  made  for  a  variation  in  tempera- 
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ture  from— 20  d^.  F.  to  +  120  deg.  F.  A  suitable  modification 
in  the  above  temperature  requirements  shall  be  made  for  regions  in 
which  the  above  limits  would  not  fairly  represent  the  extreme 
range  of  temperature. 

26.  Inspection,  If  required  by  contract,  all  material  and  work- 
manship shall  be  subject  to  the  inspection  of  the  company  crossed, 
provided  that  reasonable  notice  of  the  intention  to  make  shop 
mspection  shall  be  given  by  such  company.  Defective  material 
shdl  be  rejected  and  shall  be  removed  and  replaced  with  suitable 
material. 

27.  On  the  completion  of  the  work,  all  false  work,  plant  and  rub- 
bish incident  to  the  construction  shall  be  removed  promptly  and 
the  site  left  unobstructed  and  clean. 

28.  Drawings.    If  required,  by  contract,. 

( )  complete  sets  of  general  and  detail  drawings  shall  be  fur- 
nished for  approval  before  any  construction  is  commenced. 

29.  Loads.  The  conductors  shall  be  considered  as  uniformly 
loaded  throughout  their  length,  with  a  load  equal  to  the  resultant 
of  the  dead  load  plus  the  weight  of  a  layer  of  ice  H  in.  in  thickness 
and  a  wind  pressure  of  8.0  lb.  per  square  foot  on  the  ice-covered 
diameter,  at  a  temperature  of  o  deg.  F.  ' 

30.  The  weight  of  ice  shall  be  assumed  as  57  lb.  i>er  cubic  foot 
(0.033  lb.  per  cubic  inch). 

31.  Insidators,  pins  and  conductor  attachments  shall  be  designed 
to  withstand  the  mechanical  tension  in  the  conductors  under  the 
maximum  loadings  with  the  designated  factor  of  safety. 

^  32.  Sags  should  be  such  that  the  stress  on  the  pin  falls  within  the 
limits  of  Paragraph  31,  unless  methods  be  employed  to  prevent 
an  undil^  slip  in  case  of  pin  failure.     (See  Paragraphs  9, 10  and  16.) 

33.  The  pole,  or  towers,  shall  be  designed  to  withstand,  with  the 
designated  factor  of  safety,  the  combined  stresses  from  their  own 
weight,  the  wind  pressure  on  the  pole,  or  tower,  and  the  above  wire 
loading  on  the  crossing  span  and  the  next  adjoining  span  on  each 
side.  The  wind  pressure  on  the  poles,  or  towers,  shall  be  assumed 
at  13  lb.  per  square  foot  on  the  projected  area  of  solid  or  closed 
structures  and  one  and  one-half  times  the  projected  area  of  latticed 
structures. 

34.  The  poles,  or  towers,  shall  also  be  designed  to  withstand  the 
loads  specified  in  Paragraph  33,  combined  with  the  unbalanced 
tension  of: 

2  broken  wires  for  poles,  or  towers,  carrying  5  wires  or  less. 

3  broken  wires  for  poles,  or  towers,  carrying  6  to  10  wires. 

4  broken  wires  for  poles,  or  towers,  carrying  1 1  or  more  wires. 

3S;  Cross-arms  shall  be  designed  to  withstand  the  loading  speci- 
fied in  Paragraph  33,  combined  with  the  unbalanced  tension  of  one 
wire  broken  at  the  pin  farthest  from  the  pole. 
.  36.  The  poles,  or  towers,  may  be  permitted  a  reasonable  deflec- 
tion under  the  specified  loading,  provided  that  such  deflection  does 
not  reduce  the  clearance  specified  in  Paragraph  10  more  than  25  per 
cent,  or  produce  stresses  in  excess  of  those  specified  in  Paragraphs 
69  to  73. 
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37.  Factors  of  Safety.  The  ultimate  unit  stress  divided  by  the 
allowable  unit  stress  shall  be  not  less  than  the  following: 

Wires  and  cables 2 

Pins 2 

Insulators,  conductor  attachments,  guys 3 

Wooden  poles  and  cross-arms 6 

Structural  steel 3 

Reinforced  concrete  poles  and  cross-arms 4 

Foundations. 2 

Note.  The  use  of  treated  wooden  poles  and  cross-arms  is  recommended. 
The  treatment  of  wooden  poles  and  cross-arms  should  be  by  thorough  im- 
pregnation with  preservative  by  either  closed  or  open-tank  process.  For 
poles,  except  in  the  case  of  yellow  pine,  the  treatment  need  not  extend  higHus 
than  a  point  2  ft.  above  the  ground  line. 

38.  Insulators.  Insulators  for  line  voltages  of  less  than  9000 
shall  not  flash  over  at  four  times  the  normal  working  voltage,  under 
a  precipitation  of  water  of  H  in.  per  minute,  at  an  inclination  of 
45  deg.  to  the  axis  of  the  insulator. 

39.  Each  separate  part  of  a  built-up  insulator,  for  line  ventages 
over  9000,  shall  be  subjected  to  the  dry  flash-over  test  of  that  part 
for  5  consecutive  minutes. 

40.  Each  assembled  and  cemented  insulator  shall  be  subjected 
to  its  dry  flash-over  test  for  5  consecutive  minutes. 

The  dry  flash-over  test  shall  be  not  less  than: 

Line  voltage  ^Test^^ 

Exceeding    9,000  but  not  exceeding  14,000 65,000 

Exceeding  14,000  but  not  exceeding  27,000 100,000 

Exceeding  27,000  but  not  exceeding  35,000 125,000 

Exceeding  35,000  but  not  exceeding  47,000 150,000 

Exceeding  ^7,000  but  not  exceeding  00,000 180,000 

Exceeding  60,000 three  times  line  voltage 

Each  insulator  shall  further  be  so  designed  that,  with  excessive 
potential,  failure  will  first  occur  by  flash-over  and  not  by  pimctuie. 

41.  Each  assembled  insulator  shall  be  subjected  to  a  wet  flash- 
over  test,  under  a  precipitation  of  water  of  H  in.  per  minute,  at  an 
inclination  of  45  deg.  to  the  axis  of  the  insulator. 

The  wet  flash-over  test  shall  be  not  less  than* 

Line  voltage  ^Test  ^ 

Exceeding    9,000  but  not  exceeding  14,000 40,000 

Exceeding  14,000  but  not  exceeding  27,000 60,000 

Exceeding  27,000  but  not  exceeding  35,000 80,000 

Exceeding  35>ooo  but  not  exceeding  47,000 100,000 

"         "                   ...             -.           ^QQ^ 120,000 


£<xceeamg  35>ooo  out  not  exceeaing  47, 
Exceeding  47,000  but  not  exceeding  60, 
Exceeding  60,000 ti 


twice    the   line    voltage 

42.  Test  voltages  above  35,000  volts  shall  be  determined  by 
A.  I.  E.  E.  Standard  Spark-gap  Method. 

43.  Test  voltages  below  35,000  volts  shall  be  determined  by  trans- 
former ratio. 

44.  Material.  Conductors,  The  conductors  shall  be  of  copper, 
aluminum,  or  other  non-corrodible  material,  except  that  in  ex- 
ceptionally long  spans,  where  the  required  mechanical  strength 
cannot  be  obtained  with  the  above  materials,  galvanized  or 
copper-covered  steel  strand  may  be  used. 


CONCRETE  POLES 
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56.  The  design  and  workmanship  shall  be  strictly  in  accordance 
with  first-class  practice. 

57.  The  form  of  the  frame  shall  be  such  that  the  stresses  may  be 
computed  with  reasonable  accuracy,  or  the  strength  shall  be  deter- 
mined by  actual  test. 

58.  The  sections  used  shall  permit  inspection,  cleaning  and  paint- 
ing, and  shall  be  free  from  pockets  in  which  water  or  dirt  can 
collect. 

59.  The  length  of  a  main  compression  member  shall  not  exceed 
180  times  its  least  radius  of  gyration.  The  length  of  a  secondary 
compression  member  shall  not  exceed  220  times  its  least  radius  of 
gyration. 

60.  The  minimum  thickness  of  metal  in  galvanized  structures 
shall  be  H  in.  for  main  members  and  H  in.  for  secondary  members. 
The  minimum  thickness  of  painted  material  shall  be  H  in. 

61.  Protective  Coatings.  All  structural  steel  shall  be  thoroughly 
cleaned  at  the  shop  and  be  galvanized,  or  given  one  coat  of  approved 
paint. 

62.  Painted  Materials,  All  contact  surfaces  shall  be  ^ven  one 
coat  of  paint  before  assembling. 

All  painted  structural  steel  shall  be  given  two  field  coats  of  ai 
approved  paint. 

The  surface  of  the  metal  shall  be  thoroughly  cleaned  of  all  dirt, 
grease,  scale,  etc.,  before  painting,  and  no  painting  shaU  be  done  in 
freezing  or  rainy  weather. 

63.  Galvanized  Material,  Galvanized  material  shall  be  in  ac- 
cordance with  the  Specification  for  Galvanizing  Iron  and  Steel. 

Bolt  holes  in  galvanized  material  shall  be  made  before  galvanizing. 
Sherardizing  for  small  parts  is  permissible. 

64.  Fotmdations.  The  foundations  for  steel  poles  and  towen 
shall  be  designed  to  prevent  overturning. 

The  weight  of  concrete  shall  be  assumed  as  140  lb.  per  cnibic  foot 
In  good  ground,  the  weight  of  "earth"  (calculated  at  30  deg.  from 
the  vertical)  shall  be  assumed  as  100  lb.  per  cubic  foot.  In  swampy 
ground,  special  measures  shall  be  taken  to  prevent  uplift  or 
depression. 

Concrete  for  foundation  shall  be  well  worked,  very  wet,  and  shall ; 
not  be  leaner  than  one  part  Portland  cement,  three  i>arts  clean,' 
sharp  sand,  and  six  parts  of  broken  stone,  or  one  part  Portland 
cement  to  six  parts  of  good  gravel,  free  from  loam  or  clay. 

6$.  The  top  of  the  concrete  foundation,  or  casing,  shall  be  not 
less  than  6  in.  above  the  surface  of  the  ground,  nor  less  than  i  ft 
above  high  water,  except  that  no  foundation  need  be  higher  ths 
the  base  of  the  railroad  company's  rail,  or  the  top  of  the  traveUc 
roadway. 

66.  When  located  in  swampy  ground,  wooden  crossing  and  next] 
adjoining  poles  shall  be  set  in  barrels  of  broken  stone  or  gravel,  or| 
in  brokeij  stone  or  timber  footings. 

67.  Wh^en  located  in  the  sides  of  banks,  or  when  subject  to  wash- : 
outs,  fouridations  shall  be  given  additional  depth,  or  be  protected 
by  cribbing  or  riprap. 

68.  All  foundations  and  pole  settings  shall  be  tamped  in  6-in. 
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layers,  while  back-filling.    It  is  desirable  in  back-filling  that  the 
earth  be  suitably  moistened. 

Working  Unit  Stresses.    Obtained  by  dividing  the  ultimate 
breaking  strength  by  the  factors  of  safety  given  in  Paragraph  37. 

69.  Structural  Steel 

Tension  (net  section) 18,000  lb.  per  sq.  in. 

Shear 14,000  lb.  per  sq.  in. 

Compression 18,000  —  60  —    per  sq.  in. 

70.  Rivets^  Pins: 

Shear 10,000  lb.  per  sq.  in. 

Bearing 20,000  lb.  per  sq.  in. 

Bending 20,000  lb.  per  sq.  in. 

71.  Bolts: 

Shear 8,500  lb.  per  sq.  in. 

Bearing 17,000  lb.  per  sq.  in. 

Bending 17,000  lb.  per  sq.  in. 

72.  Wires  arid  Cables: 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  0000,  000,  00..  25,000  lb.  per  sq.  in. 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  o 27,500  lb.  per  sq.  in. 

Copper,  hard-drawn,  aolid,  B.  &  S.  gage  No.  i ^27.500  lb.  per  sq.  in. 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  No.  2,  4,  6.  .   30,000  lb.  per  sq.  in. 

Copper,  soft-drawn,  solid 17,000  lb.  per  sq.  in. 

Copper,  hard-drawn,  stranded 30,000  lb.  per  sq.  m. 

Copper,  soft-drawn,  stranded 17,000  lb.  per  sq.  in. 

Aluminum,  hard-drawn,  stranded,  B.  &  S.  gage  under 

0000 12,000  lb.  per  sq.  in. 

Aluminum,  hard-drawn,  stranded,  B,  &  S.  gage  0000 

and  over i i,Soo  lb.  per  sq.  in. 

Ti.  Untreated  Timber: 

Lb.  per  /    _    L   \ 

sq.  in.  \        60D/ 

Eastern  white  cedar 600  600 

Chestnut 850  850 

Washington  cedar 850  850 

Idaho  cedar 850  850 

Port  Orf ord  cedar 1 1 50  1 150 

Long-leaf  yellow  pine 1000  1000 

Short-leaf  yellow  pine 800  800 

Douglas  fir 900  900 

White  oak 95©  950 

Red  cedar 700  700 

Bald  cypress  (heartwood) 800  800 

Redwood 650  650 

Catalpa soo  500 

Juniper SSO  SSO 

L  <B  length  in  inches. 

D  «■  least  side,  or  diameter,  in  inchea. 

Test  for  Galvanizing  or  Sherardizing 

(A.E.R.E.A.   Standard) 

The  coating  should  consist  of  a  continuous  coating  of  pure  zinc, 
nnc-:iron  alloy  or  a  combination  of  the  two,  the  coating  to  be  of 
uniform  thickness  and  so  applied  that  it  adheres  firmly  to  the  iron 
Jr  steel.    TTie  finished  product  should  be  smooth. 

(a)  Cleaning  of  Samples:  The  sample  should  be  cleaned  before 
testing,  first  with  benzine  or  turpentine,  using  cotton  waste  (not 
with  a  brush),  and  then  thoroughly  rinsed  in  clean  water  and 
snped  dry  with  clean  cotton  waste. 
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(b)  Test  Solution:  The  standard  solution  of  copper  sidphate 
consists  of  commercial  copper  sulphate  crystals  dissolved  in  cold 
water  about  in  the  proportion  of  36  parts  by  weight  of  crystals  to 
100  parts  by  weight  of  water.  The  solution  must  be  neutralized  by 
the  addition  of  an  excess  of  chemically  pure  cupric  oxide  (CuO), 
an  excess  of  which  is  shown  by  the  sediment  of  tnis  reagent  at  the 
bottom  of  the  container.  The  neutralized  solution  must  be 
filtered  before  using,  and  the  filtered  solution  must  have  a  specific 
gravity  of  1.186  at  18  deg.  C.  at  the  beginning  of  each  test.  This 
specific  gravity  is  to  be  obtained  by  the  addition  of  dean  water  if 
the  gravity  of  the  filtered  solution  is  too  high  or  by  the  addition  of  a 
filtered  solution  of  a  higher  specific  gravity  if  too  low.  The  un- 
filtered  neutralized  stock  solution  should  be  replenished  after 
each  removal  by  the  addition  of  more  copper  sulphate  crystals 
and  water.  An  excess  of  cupric  oxide  should  always  be  kept  in  the 
unfiltered  stock  solution. 

(c)  Quantity  of  Solution:  Wire  samples  should  be  tested  in  a 
glass  jar  of  not  less  than  2  in.  inside  diameter  filled  to  a  depth  of 
not  less  than  4  in.  with  the  standard  solution  without  the  samples. 
Hardware  samples  should  be  tested  in  a  glass  or  earthenware  jar 
containing  not  less  than  H  pint  of  standard  solution  for  each 
sample.  A  new  solution  should  be  used  for  each  series  of  four 
immersions. 

(d)  Samples:  Not  more  than  seven  wires  should  be  simultane- 
ously immersed  and  not  more  than  one  sample  other  than  wire 
should  be  immersed  in  the  specified  quantity  of  solution.  Samples 
when  immersed  should  not  be  grouped  or  twisted  together. 

(e)  Method  of  Test:  The  samples  prepared  for  test  should  be 
immersed  in  the  specified  quantity  of  standard  solution,  the  tem- 
perature of  which  should  be  between  17  and  20  deg.  C.  through- 
out the  test,  in  the  following  manner:  First,  immerse  for  i  niinutc, 
wash  and  wipe  dry;  second,  immerse  for  i  minute,  wash  and  wipe 
dry;  third,  immerse  for  i  minute,  wash  and  wipe  dry;  fourth, 
immerse  for  i  minute,  wash  and  wipe  dry.  The  samples  should 
be  immediately  washed  in  clean  water  having  a  temperature  of 
17  to  20  deg.  C.  and  wiped  dry  after  each  immersion.  In  the  case 
of  sherardized  material,  the  specimens  must  be  vigorously  brushed 
in  running  water  after  each  dip.  In  testing  wire,  the  No.  1 2  B.W.G. 
and  smaller  sizes  should  be  required  to  stand  three  i -minute  and 
one  ^i-minute  immersions.  If  after  the  test  above  described  the 
samples  show  a  bright  metallic  copper  deposit,  the  lot  represented 
by  the  samples  should  be  rejected  unless  the  deposit  is  on 
or  within  i  in.  of  the  cut  end.  If  only  one  wire  in  a  group 
seven  simultaneously  immersed  should  fail,  or  if  there  is  reasoi 
able  doubt  of  the  copper  deposit,  two  check  tests  should  be  mai 
upon  these  lots,  and  the  report  based  upon  the  majority  of  the  sets 
of  tests.  In  case  the  article  has  a  cut  screw,  the  thread  should  be 
recut  after  galvanizing  and  shall  stand  at  least  one  i -minute 
iinmersion  in  the  test  solution.  The  rest  of  the  article  should 
withstand  the  specified  four  immersions.  The  threads  of  nuts 
should  be  cut  after  the  nut  has  been  galvanized,  and  the  threads 
should  not  be  required  to  stand  the  test. 
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Electric  Wire  and  Cable  Terminology,  A.£JR.£^  Standard 

Note.  Same  as  recommended  by  U.S  Bureau  of  Standards,  circular  No.  37. 

1.  Wire.    A  slender  rod  or  filament  of  drawn  metal. 

The  definition  restricts  the  term  to  what  would  ordinarily  be  understood 
by  the  term  "solid  wire."  In  the  definition,  the  word  "slender"  is  used  in 
the  sense  that  the  length  is  great  in  comparison  with  the  diameter.  If  a  wire 
is  covered  with  insulation,  it  is  properly  called  an  insulated  wire:  while  pri- 
marily the  term  "wire"  refers  to  tne  metal,  nevertheless  when  the  context 
shows  that  the  wire  is  insulated  the  term  "wire"  will  be  understood  to  in- 
clude the  insulation. 

2.  Conductor,  A  wire  or  combination  of  wires  not  insulated  from 
one  another,  suitable  for  carrying  a  single  electric  current. 

The  term  "conductor"  is  not  to  include  a  combination  of  conductors  in- 
sulated from  one  another,  which  would  be  suitable  for  carrying  several  differ- 
ent electric  currents.  Rolled, conductors  (such  as  bus  bars)  are,  of  course, 
conductors,  but  are  not  considered  under  the  terminology  here  given. 

3.  Stranded  Conductor,  A  conductor  composed  of  a  group  of 
wires  or  any  combination  of  groups  of  wires. 

The  wires  in  a  stranded  conductor  are  usually  twisted  or  braided  together. 

4.  Cable,  (i)  A  stranded  conductor  (singlfe-conductor  cable); 
or  (2)  a  combination  of  conductors  insulated  from  one  another 
(multiple-conductor  cable). 

The  component  conductors  of  the  second  kind  of  cable  may  be  either 
solid  or  stranded,  and  this  kind  of  cable  may  or  may  not  have  a  common 
insulating  covering.  The  first  kind  of  cable  is  a  single  conductor,  while  the 
second  kind  is  a  group  of  several  conductors.  The  term  "cable"  is  applied 
by^  some  manufacturers  to  a  solid  wire  heavily  insulated  and  lead  covered; 
this  usage  arises  from  the  manner  of  the  insulation,  but  such  a  conductor 
18  not  included  under  this  definition  of  "cable."  The  term  "cable"  is  a 
general  one  and  in  practice  it  is  usually  applied  only  to  the  larger  sizes.  A 
small  cable  is  called  a  "stranded  wire"  or  a  "cord,"  both  of  which  are  defined 
above.  Cables  ma^  be  bare  or  insulated,  and  the  latter  may  be  armored  with 
lead  or  with  steel  wires  or  bands. 

5.  Strand,  One  of  the  wires  or  groups  of  wires  of  any  stranded 
conductor. 

6.  Stranded  Wire.    A  group  of  small  wires,  used  as  a  single  wire. 

A  wire  has  been  defined  as  a  slender^  rod  or  filament  of  drawn 
metal.  If  such  a  filament  is  subdivided  into  several  smaller  filaments 
or  strands  and  is  used,  as  a  single  wire,  it  is  called  "stranded  wire.'* 
There  is  no  sharp  dividing  line  of  size  between  a  "stranded  wire"  and  a 
*' cable."  If  used  as  a  wire,  for  example,  in  winding  inductance  coils  or  mag- 
nets, it  is  called  a  stranded  wire  and  not  a  cable.  If  it  is  substantially 
insulated,  it  is  called  a  "cord,"  defined  below. 

7.  Cord,    A  small  cable,  very  flexible  and  substantially  insidated 

to  withstand  wear.  ^ 

There  is  no  sharp  dividing  line  in  respect,  to  size  between  a  "cord" 
and  a  "cable,"  and  likewise  no  sharp  dividing  line  in  respect  to  the 
character  of  insulation  between  a  "cord  and  a  "stranded  wire."  Usually 
the  insulation  of  a  cord  contains  rubber. 

8.  Concentric  Strand,  A  strand  composed  of  a  central  core  sur-* 
rounded  by  one  or  more  layers  of  helically  laid  wires  or  groups  of  wires. 

9.  Concentric  Lay  Cable,  A  single  conductor  cable  composed  of  a 
central  core  surrounded  by  one  or  more  layers  of  helically  laid  wires. 

10.  Rope  Lay  Cable,  A  single  conductor  cable  composed  of 
a  central  core  surrounded  by  one  or  more  layers  of  helically  laid 
groups  of  wires. 

This  kind  of  cable  differs  from  the  preceding  in  that  the  main  strands 
are  themselves  stranded. 
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11.  N'Conductar  Cable,  A  combination  of  N  conductors  insu- 
lated from  one  another. 

It  is,  not  intended  that  the  name  as  here  given  be  actually  used.  One 
would  instead  speak  of  a  "3-conductor  cable,"  a  "  1 3-conductor  cable,"  etc. 
In  referring  to  the  general  case,  one  faiay  speak  of  a  "  multiple-conductor 
cable"  (as  m  definition  No.  4  above). 

12.  N -Conductor  Concentric  Cable,    A   cable  composed  of   an 

insulated  central  conducting  core  with  (N—  i)  tubular  stranded 

conductors  laid  over  it  concentrically  and  separated  by  layers  of 

insulation. 

Usually  only  2-conductor  or  3-conductor.  Such  conductors  are  used  in 
carrying  alternating  currents. ,  The  remark  on  the  expression  "  N-conductor" 
fi^ven  for  the  preceding  definition  applies  here  also. 

13.  Duplex  Cable,  Two  insulated  single-conductor  cables 
twisted  together. 

They  may  or  may  not  have  a  common  insulating  covering. 

14.  Twin  Cable.  Two  insulated  single-conductor  cables  laid 
paraillel,  having  a  common  covering. 

15.  Triplex  Cable,  Three  insulated  single-conductor  cables 
twisted  together. 

They  may  or  may  not  have  a  common  insulating  covering. 

16.  Twisted  Pair.  Two  small  insulated  conductors  twisted  tin 
gether,  without  a  common  covering. 

The  two  conductors  of  a  "twisted  pair"  are  usually  substantially  insu- 
lated, so  that  the  combination  is  a  special  case  of  a  "cord." 

17.  Twin  Wire.  Two  small  insulated  conductors  laid  paralld, 
having  a  common  covering. 

Rubber  Insulated  Wu-e  and  Cable  for  Power  DistributiQii 

(A.E.R.E.A.  Standard) 

Grades.  Two  grades  of  rubber  insulation  for  distribution  wires 
and  cables  are  designated  by  the  A.E.R.E.A.  as  "Grade  A  Rubber 
Insidation"  and  "Grade  B  Rubber  Insulation.''  Grade  A  is  a  high- 
grade  insulation  for  use  on  circuits  of  working  pressure  not 
exceeding  15,000  volts.  Grade  B  is  for  use  where  a  cheaper 
insulation  is  desired  and  should  not  be  used  on  circuits  of  working 
pressure  in  excess  of  7000  volts. 

Conductor  Size  and  Stranding.  The  combined  area  of  the  wires  when 
laid  out  straight  and  measured  at  right  angles  to  their  axes  should 
not  be  less  than  the  specified  gage  or  circular  mils.  The  stranding 
should  be  concentric  and  in  accordance  with  the  following  table: 


Range  of  sizes 


Minimum  number  of  wires  in 
conductor 


Standard  stranding    Flexible  stranding 


2,000,000-1,600,000  cir.  mils 

1,500,000-1,100,000  cir.  mils 

1,000,000-    550,000  cir.  mils 

500,000-    250,000  cir.  mils 

No.  0000-No.  I  A.W.G 

a-8 

Smaller  sizes 


127 

91 
61 

37 
19 

7 

I 


169 
127 

91 

61 

37 

19 

7 


Conductor  Material,    The  conductor  should  be  of  annealed  cop- 
per, conforming  to  the  standard  specifications  of  the  American 
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Society  for  Testing  Materials.  It  should  be  provided  with  a  heavy 
uniform  coating  of  commercially  pure  tin,  without  projections. 
The  tinning  may  be  tested  as  follows:  Samples  of  the  wire  should 
be  thoroughly  cleaned  with  alcohol  and  immersed  in  hydrochloric 
acid  of  specific  gravity  i.o88  at  15.5  deg.  C.  {60  deg,  F.)  for  i 
minute.  They  should  then  be  rinsed  in  pure  water  and  immersed 
in  an  aqueous  solution  of  sodium  sulphide  of  specific  gravity  1.142 
for  30  seconds  and  again  washed.  This  operation  should  be  re- 
peated three  times.  At  the  end  of  the  fourth  immersion  in  sodium 
sulphide  the  wire  should  show  no  sign  of  blackening.  The  sodium 
dulphide  solution  should  contain  an  excess  of  sulphur  and  should 
have  suflfident  strength  to  thoroughly  blacken  a  piece  of  untinned 
copper  wire  in  5  seconds. 

Separator.  The  separator  may  consist  of  soft  cotton  yam  (which 
may  be  braided),  or  of  paper  or  muslin  tape.  The  separator  should 
allow  the  insulation  sufficient  contact  with  the  conductor  to  prevent 
the  conductor  sliding  in  the  insulation. 

Insidation  Thickness,  The  thickness  of  insulation  for  potentials 
up  to  7000  volts  should  be  the  minimum  allowed  by  the  National 
Board  of  Fire  Underwriters,  as  summarized  in  the  following  table. 


Working  voltage 

A,W.G,  (B.  &  S.) 

0-600 

1500 

2500 

3500 

SOOO 

7000 

r 

rhickness  of  insulation,  64ths 

of  one  inc 

h 

14 

3 

4 

6 

8 

12 

16 

13 

3 

4 

6 

8 

12 

16 

10 

3 

4 

6 

8 

12 

16 

8 

3 

4 

6       1          8 

12 

16 

6 

4 

5 

6       1          8 

12 

16 

4 

4 

5 

6 

8 

12 

16 

3 

4 

5 

6 

8 

12 

16 

I 

5 

6 

7 

8 

12 

16 

0 

5 

6 

7 

8 

12 

16 

00 

5 

6 

7 

8 

12 

16 

000 

5 

6 

7 

8 

12 

16 

0000 

5 

6 

7 

8 

12 

16 

Ctr.  mite 

1 

1 
1 

235.000 

6 

7                 8,9 

12 

16 

300,000 

6 

7                 8        1          9 

12 

16 

400,000 

6 

7 

8                  9 

12 

10 

500,000 

6 

7 

8                  9 

12 

16 

600,000 

7 

8 

9                  10 

12 

16 

700,000 

7 

8        !          9                10 

12 

16 

800.000 

7 

8                 Q               10 

12 

16 

900.000 

7 

8    1     9    ;    10 

12 

16 

1,000.000 

7 

8                 9 

10 

12 

16 

1,350.000 

8 

9               10 

II 

14 

18 

1,500,000 . 

8 

9               10 

II 

14 

18 

1. 750.000 

8 

9               10 

II 

14 

18 

2.000.000 

8 

9               10 

II 

14 

18 

42 
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(For  higher  voltages,  the  thickness  of  insulation  will  depend  upon 
the  conditions  of  service.) 

Insulaiion  Repairs  and  Joints*  If  exigencies  of  manufacture 
require  repairs  or  joints  in  the  insulation,  £he  work  should  be  done 
in  such  a  wa^  as  to  leave  the  repaired  part  or  the  joint  and  all  parts 
affected  by  it  as  strong  and  durable  electrically  as  the  remainder 
of  the  insidation.  The  repairs  or  joints  should  be  properly  vulcan- 
ized in  a  mold  of  approximately  the  same  diameter  as  the  remainder 
of  the  insulation. 

Insulaiion  rubber  compound  shoidd  be  thoroughly  and  properly 
vulcanized.  The  vulcanized  insulation  should  be  homogeneous  in 
character,  tough  and  elastic  and  should  be  concentric  about  the 
conductors  and  fit  tightly  thereto.  All  laps  or  seams  in  the  insula- 
tion should  be  as  strong  mechanically  and  electrically  as  the  rest  of 
the  insulation. 

"Grade  A  Rubber  Insulation"  (i)  A  30  per  cent,  fine  Para  or 
smoked  first  latex  Hevea  rubber  compound  with  mineral  base 
should  be  furnished.  It  should  contain  only  the  following  ingredi- 
ents: Rubber,  sulphur,  inorganic  mineral  matter,  refined  solid 
paraffin  or  ceresine. 

(2)  It  should  not  contain  either  red  lead  or  carbon. 

(3)  The  vulcanized  compound  should  conform  to  the  following 
requirements,  when  tested  by  the  procedure  of  the  Joint  Rubber 
Insulation  Committee  (see  Proc.  A.I.E.E.,  Jan.,  1914). 

(a)  Results  to  be  expressed  as  percentages  by  weight  of  the  whole 
sample. 

Maximum   Minimum 

Rubber 33  •  o  30 

Waxy  hydrocarbons 4.0        

Free  sulphur 0.7        


(b)  Results  to  be  taken  between  the  limits  given  in  proportion 
to  the  percentage  by  weight  of  rubber  found: 

Limits  allowed  for  30  per  cent,  rubber  compound: 

Saponifiable  acetone  extract i  .3.«;  o.  55 

Unsaponifiable  resins 0.4s  

Chloroform  extract o. 90  

Alcoholic  potash  extract 0.55  

Specific  gravity i .  75 

Limits  allowed  for  $$  per  cent,  rubber  compound: 

Saponifiable  acetone  extract i  .50  0.60 

Unsaponifiable  resins o.  50        

Chloroform  extract i .  00        

Alcoholic  potash  extract o. 60       

Specific  gravity i .  67 

(4)  The  acetone  solution  should  not  fluoresce. 

(5)  The  acetone  extract  (60  c.c.)  should  not  be  darker   than 
a  light  straw  color. 

(6)  Hydrocarbons  should  be  solid,  waxy  and  not  darker  than  a 
light  brown. 
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(7)  Chloroform  extract  (60  c.c.)  should  not  be  darker  than  a 
straw  color. 

(8)  Failure  to  meet  any  requirement  of  this  specification  should 
be  sufficient  cause  for  rejection. 

(9)  Contamination  of  the  compound,  such  as  by  the  use  of  im- 
pregnated tapes,  should  not  excuse  a  contractor  from  conforming 
to  this  specification. 

'^  Grade  B  Rubber  Insidalion."  The  vulcanized  rubber  com- 
pound should  show,  when  analyzed  by  the  procedure  hereinafter 
specified,  not  less  than  27  per  cent,  of  rubber  gum. 

Five  chemical  tests  should  be  made  of  the  vulcanized  rubber 
compound  as  follows:  Acetone  extract,  alcoholic  potash  extract, 
chloroform  extract,  ash,  total  sulphur. 

The  sum  total  of  the  results  of  these  five  tests  should  not  exceed 
73  per  cent,  by  weight  of  the  total  compound. 

The  ash  test  should  be  supplemented  by  tests  to  determine  the 
quantity  of  substances  other  than  vulcanized  rubber  which  are 
combustible  but  not  soluble  in  acetone,  alcoholic  potash,  or  chloro- 
form, and  any  such  substance,  if  any,  should  be  counted  as  ash. 

The  tests  should  be  made  in  accordance  with  the  Underwriters 
Laboratories'  specification. 

Contamination  of  the  compound,  such  as  by  the  use  of  impreg- 
nated tapes,  should  not  excuse  a  contractor  from  conforming  to 
this  specification. 

Tensile  Strength  and  Elongation  of  Rubber  Insulation,  A  sample 
which  may  be  of  entire,  segmental,  or  approximately  rectangular 
cross-section,  should  be  cut  from  the  insulated  conductor  by  means 
of  a  sharp  knife.  The  sample  should  be  bent  in  every  direction 
to  magnify  and  reveal  any  surface  incision  or  imperfection  which 
may  exist.  A  portion  of  the  sample  without  such  defects  and 
having  a  free  length  of  not  less  than  2  in.  should  then  be  stretched 
at  the  rate  of  12  in.  per  minute  until  it  breaks;  another  sample 
should  be  stretched  to  three  times  its  length  and  immediately  re- 
leased. Marks  should  be  placed  oh  the  insulation  before  its 
removal  from  the  conductor.  The  compound  should  conform  to 
the  following  limits: 


Thickness 

Property 

12/64  inches  or  less 

Over  12/64  inches 

Maximum 

Minimum 

Maximum 

Minimum 

Tensile  strength,  lb.  per 
sq.  in.  (each  sample) 

1000 
5 

1000 

B  long  alien    in    2-in. 
lenjgth  at  break  (times  origi- 
nal length) 

4 

Elongation     5     seconds 
aftw-  release  wl^en  stretched 
at  the  rate  of  1 2  in.  per  min- 
ute to  three  times  its  length. 

20% 

20% 

660 
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Electrical  Tests,  Each  length  of  conductor  insulated  with  the 
compound  should  be  tested  for  dielectric  strength  and  insulation 
resistance  before  the  application  of  any  outer  covering  other  than 
tape  or  braid,  after  at  least  12  consecutive  hours'  submersion  in 
water  and  while  still  submersed. 

Dielectric  Strength.  An  alternating-current  voltage  of  not 
less  than  twenty-five  nor  more  than  one  hundred  cycles  and  ap- 
proximately as  closely  as  possible  to  a  sine  wave  should  be  applied 
between  each  conductor  and  the  water  for  a  period  of  5  minutes. 
For  a  30-minute  test,  80  per  cent,  of  the  speafied  voltage  should 
be  used.  Lead  sheathed  cables  after  being  finished  should  have  the 
test  voltage  applied  between  their  conductors  and  also  between 
all  of  the  conductors  and  the  sheath.  The  voltage  to  be  applied 
should  be  in  accordance  with  the  table  on  page  660.  The  initially 
applied  voltage  must  not  be  greater  than  the  working  voltage, 
and  the  rate  of  increase  should  not  be  over  100  per  cent,  in  10 
seconds.  The  conductor  must  not  show  any  weakening  of  its 
insulation  or  any  other  injury  under  this  test,  which  is  to  be  made 
before  the  test  for  insulation  resistance. 

Insulation  Resistance.  The  insulation  resistance  should  be 
measured  after  the  high  voltage  test  and  following  a  i -minute 
electrification  with  a  continuous  e.m.f .  of  not  less  than  100  nor  more 
than  500  volts,  and  the  results  corrected  to  the  standard  temperature 
at  15.5  deg.  C.  (60  deg.  F.).  All  tests  for  insulation  resistance 
should  be  made  at  a  temjjerature  within  10  deg.  C.  (18  deg.  F.)  of 
this  standard  temperature.  The  insulation  resistance  of  each  con- 
ductor of  multiple  conductor  cables  should  be  the  insulation  re- 
sistance measured  between  each  conductor  and  all  the  other  con- 
ductors connected  to  the  sheath  or  water.  The  insulation  resist- 
ance should  be  not  less  than  given  in  the  table  on  page  661. 

The  insulation  resistance  at  any  given  temperature  should  be  re- 
duced to  that  at  15.5  deg.  C.  (60  deg.  F.)  by  dividing  by  the  coeffi- 
cient in  the  following  table  corresponding  to  that  temperature  for 
Grade  A  and  Grade  B  insulation: 


Temperature, 
deg.  C. 

Coefficient  should 

be   not   greater 

than 

Temperature, 
deg.  C. 

Coefficient  should 
be  not  less  than 

7 
8 

9 

10 
II 
12 

13 

14 
IS 
ISS 

I.  S3 
1.4s 
1.37 

1.30 
1.23 
1. 17 

i.ia 
1.07 
1.02 
1.00 

16 

17 
18 

19 
20 

21 

22 
23 

24 

2S 

0.98 

0.93 
0.89 

0.85 
0.81 
0.77 

0.73 
0.70 
0.67 
0.64 
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Temperature, 
deg.  F. 

Coefficient  should 

be   not   greater 

than 

Temperature, 
deg.  F. 

Coefficient  should 

be  not  less 

than 

46 

48 
49 

SO 

SI 
52 

53 

54 
55 
S6 
57 

S8 
59 
60 

1.44 
1. 41 
1.37 
1.34 

1.30 

1.27 

1.24 
1.20 

1. 17 

1. 14 
I. II 

1.09 

1.06 
1.03 
1. 00 

60 
61 
62 
63 

J4 
6S 

66 
67 

68 

69 
70 

71 

72 
73 
74 
75 

1. 000 
0.974 
0.949 
0.92s 

0.901 
0.878 
0.8SS 
0.833 

o.8ia 
0.791 
0.771 
0.751 

0.732 
0.713 
0.69s 
0.677 



Weatherproof  Braid 

Weatherproof  braid  should  consist  of  the  required  number 
of  fine,  smooth,  closely  woven  braids,  all  of  which  must  be 
thoroughly  saturated  with  a  dense  waterproof  compound  having  the 
properties  hereinafter  specified.  The  impregnated  braids  should  be 
uniformly  covered  with  a  continuous  layer  of  suitable  weatherproof 
compound  which  should  adhere  firmly  to  the  braids.  The  outer 
surface  shoidd  be  thoroughly  slicked  down. 

Tape.  The  tape  should  be  of  cotton  thoroughly  saturated  with  a 
waterproof  rubber  compound  and  of  proper  weight  and  width. 

Weatherproof  Compound,  The  weatherproof  compound  should 
be  such  as  to  have  no  injurious  action  upon  the  insulation  of  the 
braid  and  it  should  be  insoluble  in  water;  it  should  be  sufficiently 
elastic  between  the  temperature  of  4.5  deg.  C.  (40  deg.  F.)  and  32 
deg.  C.  (90  deg.  F.)  so  that  the  completed  wire  can  be  bent  to  a 
radius  of  ten  times  its  outside  diameter  without  showing  cracks  in 
the  finished  surface  of  the  wire  or  squeezing  out  of  the  weatherproof 
compound.  The  weatherproof  comp)ound  should  be  of  such  nature 
that  it  will  not  crack  when  the  finished  wire  is  subjected  to  a  tem- 
perature of  —23.3  deg.  C.  (— 10  deg.  F.),  and  that  it  will  meet  the 
requirements  when  the  finished  wire  is  subjected  to  the  following 
melting  test. 

Melling  Test  for  Weatherproof  Compound.  Short  samples  of  the 
finished  conductor  should  be  placed  on  a  piece  of  clean  white  paper 
in  an  oven  and  should  be  subjected  to  a  temperature  of  52  deg.  C. 
(125  deg.  F.)  for  ^  hour.  The  compound  should  not  become 
sufiiciently  fluid  to  form  a  ridge  upon  the  paper  perceptible  to  the 
fingers,  or,  in  case  the  compound  should  be  absorbed  by  the  paper, 
to  show  a  greasy  or  oily  spot  upon  the  paper,  nor  shoiild  the  com- 
pound show  a  tendency  to  flow  toward  the  bottom  of  the  con- 
ductor, thus  exposing  the  cotton  fiber  of  the  braid  at  the  top. 
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Application  of  Braid  and  Tape.    If  the  conductor  is  to  be  finished 
with  a  braid,  all  conductors  smaller  than  No.  8  A.W.G.  should  be 
double  braided,  No.  8  and  larger  to  be  double  or  single  braided  as 
required.    The  outside  braids  should  be  not  less  than  Ha  in.  thid 
and  the  inside  braid  not  less   than  ^   in.   thick.     Single   braM 
should  be  not  less  than  Ha  in.  thick.    When  multiple  conductor 
cables  are  specified,  the  rubber  insulation  on  each  conductor  should 
be  covered  with  a  layer  of  tape  overlapping  not  less  than  one-quarter 
of  its  width.    In  the  case  of  two  conductor  cables  the  separate  con- 
ductors thus  finished  should  be  laid  side  by  side  and  an  outer  cor- 
ering  of  single  braid  not  less  than  Ha  in.   thick  should   be   thes 
applied.    In  the  case  of  three  or  more  conductors  the  taped  conduc- 
tors should  be  twisted  together  with  a  suitable  lay  of  at  least  ooei 
complete  twist  in  24  in.,  the  interstices  being  filled  with  sufficient] 
jute  to  make  the  core  of  circular  cross-section.    Over  this  core  should! 
then  be  applied  a  tape  with  an  overlap  of  at  least  H  in.  and  the  outer  | 
covering  of  braid  not  less  than  Ha  in.  should  then  be  applied. 

Lead  Cable  Sheath 

Composition  and  Thickness  of  Lead  Cable  Sheath.  If  the  wire 
or  cable  is  to  be  furnished  with  a  lead  sheath  instead  of  an  outer 
covering  of  braid,  as  provided  in  the  preceding  paragraph,  tliflt 
should  be  tightly  formed  about  the  core  a  lead  sheath  of  uniibra 
thickness  not  less  than  that  indicated  in  the  following  table: 

Diameter  of  core  in  mils  Thickness  of  sheath 
Under  2000  H  in. 

2000-2699  %^  in. 

2700  and  over  Ha  in* 

A  sheath  having  an  internal  diameter  of  less  than  2  in.  should 
consist  of  commercially  pure  lead;  a  sheath  having  an  internal  diam- 
eter of  2  in.  or  more  should  consist  of  an  alloy  containing  not  less 
than  98  per  cent,  of  commercially  pure  lead  and  not  less  than  i 
per  cent,  of  commercially  pure  tin. 

Cable  Armor 

Protection  Under  Armor.  Rubber  insidated  cable  covered  with 
tape,  braid,  or  other  suitable  protection,  or  the  lead  sheath  should 
be  run  through  a  hot  asphalt  compound,  served  with  a  layer  of  jute 
yam,  run  through  hot  asphalt  again,  and  then  laid  with  galvanized 
wire  armor. 

Size  of  Armor  Wire.  The  proper  size  of  armor  wire  will  depend 
upon  the  conditions  of  service;  the  latitude  allowed  in  the  following: 
table  represents  the  difference  arising  from  such  difference  in  servicej 
conditions.    The  armor  wire  should  be  the  minimum  size. 


Diameter  of  cable  under 
jute  bedding;,  inches 

Armor  wire,    U.  S. 
(steel)  W.G. 

Jute  bedding  under  ar-l 

mor  measured  in  fin-    1 

ished  cable              I 

0 . 00-0 . so 
0 . 44-0 . 69 
0 . 63- I . 00 
0.88-1. so 

I.2S-2.00 
T  .  30-larger 

14-13 

12 

10 

8 

6 

A 

H«  in.  minimum 
Hfl  in.  minimum 
Mo  in.  minimum 
H«  in.  minimum 
H«  in.  minimum 
Me  in.  minimum 
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Lay  of  Armor.  The  armor  should  be  applied  closely  without 
appreciable  space  between  adjacent  wires.  The  lay  should  be  from 
eight  to  twelve  times  the  pitch  diameter.  Successive  layers  of  jute 
or  jute  and  armor  should  be  laid  in  opposite  directions.  The 
direction  of  lay  is  the  lateral  direction  in  which  the  wires  run  over 
the  top  of  the  cable  as  they  recede  from  an  observer  looking  along 
the  axis  of  the  cable. 

Finish  of  Armored  Cable,  If  an  outer  covering  is  required,  the 
armored  cable  should  be  run  through  hot  asphalt  compound,  served 
with  a  layer  of  the  best  three-ply  14-lb.  hard  twisted  jute  yam  in 
a  close  short  lay,  run  through  hot  asphalt  compound,  then  served 
with  a  second  layer  of  three-ply  14-lb.  jute  yam,  run  through  hot 
asphalt  compound  and  finally  run  throtigh  some  material  to  pre- 
vent sticking. 

Material  of  Armor  Wire,  All  armor  wire  should  consist  of  gal- 
vanized imld  steel  wire  of  uniform  diameter,  free  from  all  cracks, 
splits,  or  other  flaws;  it  should  be  of  such  softness  that  it  will  easily 
take  a  permanent  set  and  give  great  pliability  to  the  cable,  permit- 
ting it  to  be  coiled  evenly  and  smoothly  and  showing  no  tendency  to 
rise  or  spring  in  the  flakes. 

Tensile  Strength  of  Armor  Wire.  Armor  wire  should  have  a 
tensile  strength  of  not  less  than  6o,ooo  lb.  per  square  inch  of  cross- 
section  and  an  elongation  of  not  less  than  10  per  cent,  in  10  in. 

Flexibility  of  A  rmar  Wire.  The  armor  wire  should  admit  of  bend- 
ng  around  a  spindle  of  ten  times  the  diameter  of  the  wire  and  back 
igain  without  developing  cracks  of  the  galvanizing  which  are  visible 
» the  naked  eye. 

^Galvanizing  of  Armor  Wire.     (For  tests,  see  page  653,  Test  for 
Galvanizing  or  Sherardizing). 

Steel  Tape  Armor,  If  the  cable  is  to  be  armored  with  steel  tape 
he  core  covered  with  tape  braid  or  other  suitable  protection  should 
>e  run  through  a  bath  of  hot  asphalt  compound,  served  with  a  layer 
►f  14-lb.  jute  yam,  spun  on  with  a  close  short  lay,  run  through  hot 
isphalt  compound,  armored  with  a  steel  tape;  armored  with  second 
teel  tape;  run  through  hot  asphalt  compound,  served  with  a  layer 
►f  loo-lb.  jute  yam  with  a  close  short  lay,  run  through  hot  asphalt 
ompound  and  finished  by  running  through  some  material  to  prevent 
ticking.  The  layers  of  jute  should  be  applied  in  the  reverse  direc- 
ions.  The  space  between  adjacent  turns  of  steel  tape  shoidd  not 
xceed  one-tenth  the  width  of  the  steel  tape. 

Thickness  of  Armor  and  Jute  under  Armor.  The  tape  and  jute 
nder  armor,  after  armoring,  should  conform  to  the  following  table-. 


Cable  diameter 

Maximum  width 

Minilnum  thick- 

Minimum thick- 

before armoring. 

steel  tape, 

ness  each  tape. 

ness  under 

inches 

inches 

inches 

armor,  inches 

0.4s 

0.50 

0.02 

0.06 

0.46-0.75 

0.7S 

0.02 

0.06 

0.76-1.00 

I  .00 

0.03 

0.07 

1.01-1.40 

I. 25 

0.03 

0.07 

1.41-1.70 

1.50 

0.04 

0.08 

I. 7 1-2. 00 

1. 75 

0.04 

0.08 

2 .  oi-over 

2.00 

0.0s 

0.09 
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Galvanizing  of  Armor  Tape.  (For  tests,  see  page  653,  Test  far 
Galvanizing  or  Sherardizing). 

Single  Conductor,  Paper  Insulated,  Lead  Covered  Cable  for 
1200  Volts.  The  cable  is  composed  of  a  single  conductor,  covered 
with  paper  tape  to  the  required  thickness.  The  paper,  soaked  in 
a  suitable  insulating  compound,  is  covered  with  a  lead  sheath  of 
the  required  thickness.  The  completed  cable  and  the  mateml 
of  which  it  is  made  should  conform  to  the  requirements  of  the 
following. 

Conductor,  The  conductor  should  consist  of  annealed  copper 
wires,  free  from  splints,  flaws,  or  other  defects,  concentricaDy 
stranded  together  in  reverse  spiral  layers,  and  having  an  aggregate 
cross-sectional  area  when  measured  at  right  angles  to  the  axes  of 
the  individual  wires  at  least  equal  to  the  area  of  the  specifled  size, 
and  in  accordance  with  the  following  table: 


Size  of  conductor 


No.  of  wires 


0.162  in.-0.204  in.  diameter. 
0.229  in.-0.258  in.  diameter. 
0.289  in.-0.460  in.  diameter. 

300,000-500,000  cir.  mils. . . 

600,000-1,000,000  cir.  mils.. 
1,100,000-1,500,000  cir.  mils  . 
1,600,000-and  larger  cir.  mils. 


I 

7 

19 

37 

61 

91 
127 


Intermediate  sizes  take  the  stranding  of  the  next  larger  listed  size. 
Each  of  the  individual  wires  should  have  a  resistivity  of  not  more 
than  888.55  ohms  (mile,  pound),  at  20  deg.  C.  j 

Insulation,  The  highest  grade  of  pure  manila  rope  {>aper  taiM 
should  be  applied  helically  and  evenly  to  the  conductor  until  tbe 
required  thickness  of  paper  is  obtained.  All  moisture  should  bel 
expelled  from  the  paper  by  baking  in  suitable  ovens;  it  should  tha 
be  thoroughly  saturated  with  the  insulating  compound  of  the  re- 
quired kind  and  quality.  The  paper  tape  must  be  applied  to  the 
conductor  in  such  a  manner,  and  the  insulating  compound  must  be 
of  such  a  nature,  that  the  cable  will  be  capable  of  being  bent  to  a 
radius  of  12  in.  when  wound  on  reels  and  taken  therefrom  and 
put  into  place,  at  any  temperature  between  o  and  100  deg.  F., 
without  damage  to  the  insulation  or  sheath.  The  insulating  com- 
pound should  contain  no  substance  which  will  subject  the  paper  or 
conductor  to  deterioration,  and  it  should  be  of  such  comp>osition  as 
to  maintain  the  insulation  in  a  soft,  plastic  state  at  all  seasons  of 
year. 

Sheath.  A  sheath  of  uniform  thickness,  not  less  than  ^  in.  fc 
cable  under  i^  in.  core  diameter,  and  not  less  than  Ha  in.  ifor  cabi 
with  core  diameter  i^  in.  and  larger,  should  be  tightly  formed  about 
the  core.  A  sheath  having  an  internal  diameter  less  than  iH  in- 
should  consist  of  commercially  pure  lead.  A  sheath  having  an 
internal  diameter  of  i}i  in.  or  more  should  consist  of  an  alloy  con- 
taining not  less  than  98  per  cent,  of  commercially  pure  lead  and  not 
less  than  i  per  cent,  of  commercially  pure  tin. 

Electrical  Test,    Each  length  of  cable  shoidd  be  given  the  follow- 
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ing  dielectric  strength  and  insulation  resistance  tests  when  me- 
chanical operations  of  its  construction  are  completed. 

High  Voltage  Test.  An  alternating  current  of  5000  volts 
should  be  applied  between  the  conductor  and  the  lead  sheath  for  a 
period  of  5  minutes.  The  cable  must  not  show  any  weakening  of 
Its  insulation  or  any  other  injury  under  this  test,  which  is  to  be  made 
before  the  test  for  insulation  resistance.  The  frequency  of  the  test 
voltage  should  not  exceed  100  cycles  per  second  and  should  ap- 
prorimate  as  closely  as  possible  to  a  sine  wave.  The  initially 
applied  voltage  should  not  be  greater  than  the  working  voltage,  and 
the  rate  of  increase  should  not  be  over  100  per  cent,  in  10  seconds. 

Insulation  Resistance.  Immediately  after  the  dielectric  test, 
a  test  should  be  made  for  insulation  resistance.  The  measurement 
should  be  taken  after  i  minute  electrification,  using  an  e.m.f.  of 
not  less  than  100  volts,  and  should  be  not  less  than  50  megohms  per 
mile  at  60  deg.  F. 

High  Voltage,  Three  Conductor,  Paper  Insulated,  Lead  Covered 
Cable.  The  cable  should  be  composed  of  three  copper  conductors, 
each  covered  with  paper  tape  to  the  required  thickness,  and  then 
twisted  together  with  a  suitable  lay.  The  interstices  should  be 
rounded  out  with  jute  and  the  whole  wrapped  with  a  paper  belt  to 
the  required  thickness.  The  paper,  soaked  in  a  suitable  insulating 
compound,  should  be  covered  with  a  lead  sheath  of  the  required 
thickness.  The  completed  cable,  and  the  materials  of  which  it  is 
made,  should  conform  to  the  following. 

Conductors.  Each  conductor  should  consist  of  annealed  copper 
wire,  free  from  splints,  flaws,  or  other  defects,  concentrically  stranaed 
together  in  reverse  spiral  layers,  and  having  an  aggregate  cross- 
sectional  area  when  measured  at  right  angles  to  the  axes  of  the 
individual  wires  at  least  equal  to  the  area  of  the  specified  size  and 
in  accordance  with  the  following  table: 


Size  of  conductor 


No.  of  wires 


0-162  in.-0.204  in.  diameter. 
0-229  in.-o. 258  in.  diameter. 
0-289  in.-0.460  in.  diameter. 


I 

7 

19 


Each  of  the  individual  wires  should  have  a  resistivity  of  not  more 
than  888.55  ohms  (mile,  pound),  at  20  deg.  C. 

Insulation,  The  highest  grade  of  pure  manila  rope  paper  tape 
should  be  applied  helically  and  evenly  to  each  of  the  conductors 
until  the  required  thickness  of  paper  is  obtained.  The  conductors 
should  then  be  twisted  together,  with  a  suitable  lay  of  at  least  one 
complete  twist  in  each  24  in.  of  length  of  cable.  The  interstices 
of  the  core  so  formed  should  be  filled  in  with  jute  laterals,  of  the 
proper  dimensions  to  form  a  true  cylinder.  The  paper  tape  should 
then  be  applied  helically  and  evenly  over  the  core  until  the  re- 
quired thickness  is  obtained. 

All  moisture  should  be  expelled  from  the  paper  and  jute  by  baking 
in  suitable  ovens;  they  should  then  be  thoroughly  saturated  with 
tht  insulating  compound.    The  paper  tape  should  be  applied  to 
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the  conductors  and  the  core  in  such  a  manner,  and  the  msulating 
compound  should  be  of  such  a  nature,  that  the  cable  will  be  capable 
of  being  bent  to  a  radius  of  i8  in.  when  wound  on  reels  and  taken 
therefrom  and  put  into  place,  at  any  temperature  between  o  and 
loo  deg.  F.,  without  damage  to  the  insulation  or  sheath.  The 
insulating  compound  should  contain  no  substance  which  will  sub- 
ject the  paper,  jute  or  conductors  to  deterioration,  and  it  should 
be  of  such  composition  as  to  maintain  the  insulation  in  a  soft, 
plastic  state  at  all  seasons  of  the  year. 

Sheath.  A  sheath  of  uniform  thickness,  not  less  than  that  indi- 
cated in  the  following  table,  should  be  tightly  formed  about  the  core: 

Diameter  of  core  Thickness  of 

in  mils  sheath 

Under  2000 }i    in. 

2000*2699 H4  in. 

2700  and  over H2  in. 

A  sheath  having  an  internal  diameter  less  than  2  in.  should  con- 
sist of  commercially  pure  lead.  A  sheath  having  an  internal  diam- 
eter of  2  in.  or  more  should  consist  of  an  alloy  containing  not  less 
than  98  per  cent,  of  commercially  pure  lead,  and  not  less  than  i 
per  cent,  of  commercially  pure  tin. 

Electrical  Test.  Each  length  of  cable  should  be  given  the  follow- 
ing dielectric  strength  and  insulation  resistance  tests  when  mechan- 
ical operations  of  its  construction  are  completed. 

Dielectric  Strength.  An  alternating-current  voltage  should  be 
applied  between  each  conductor  and  all  the  others  connected  to  the 
lead  sheath,  for  a  period  of  at  least  5  minutes.  The  voltage  to 
be  applied  should  be  that  corresponding  to  the  combined  thickness 
of  the  conductor  and  belt  insulation  in  accordance  with  the  following 
table: 

•VT-^Uo^^  Thickness  of 

^°^^^8^  insulation 

5,000 %A  in. 

6,250 ^^2  in. 

7,500 Me  in. 

10,000. .  .\ Ha  in, 

12,500 H    in. 

15.000 Ha  in. 

20,000 M«  in. 

25,000 ^H2  in. 

30,000 H    in. 

35.000 1^2  in. 

40,000 ^Ib  in. 

45.000 1^2  in. 

50,000. . . H    in. 

60,000 ^1«  in. 

The  cable  should  not  show  any  weakening  of  its  insulation  or 
any  other  injury  under  this  test,  which  is  to  be  made  before  the  test 
for  insulation  resistance.  The  frequency  of  the  test  voltage  should 
not  exceed  100  cycles  per  second,  and  should  approximate  as  closely 
as  possible  to  a  sine  wave.  The  initially  applied  voltage  should 
not  be  greater  than  the  working  voltage,  and  the  rate  of  increase 
should  not  be  over  100  per  cent,  in  10  seconds. 

Insulation  Resistance.  Immediately  after  the  dielectric  test, 
a  test  should  be  made  for  insulation  resistance,  each  conductor  being 


TILE  DUCT  CONDUIT  669 

measured  against  all  the  others  connected  to  the  lead  sheath.  The 
measuieaent  should  be  taken  after  i  minute  electrification, 
using  im  e.m.f.  of  not  less  than  too  volts,  and  should  be  not  less 
than  JO  megohms  per  mile  at  60  deg. 

T!l«  Duct  Cmdult  Sjrstem 

lie   Duct     (Fig.  33.)     Each  piece  of  tile  duct  should  be  of 

thoroughly  vitrified  and  glazed  tile,  whole,  sound,  straight  from 

end  lo  end,  with  smooth  interior  surface,  tree  from  blisters,  sharp 

■s  and  obstructions.     The  bore  should  be  not  less  than  the 


nominal  diameter  ordered,  and  should  be  symmetrical  with,  and 
the  ends  shouU  be  cut  off  square  with,  the  longitudinal  aris  of  the 
ducL  The  wall  of  the  duct  should  he  not  leas  than  54  in.  thick  at 
the  thinnest  place,  but  the  duct  should  average  H  in.  thick.    The 
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Inner  edges  of  the  ends  of  each  piece  of  duct  should  be  chamfered 
off  so  that  sharp  edges  will  not  be  encountered  when  cable  is  drawn 
in.  The  completed  duct  should  have  the  necessary  mechanical 
strength  and  toughness  to  prevent  chipping  at  the  ends,  and  breai- 
age  in.  ordinary  handling.  The  outer  surface  of  all  duct  should  b( 
scored  in  such  manner  as  to  give  cement  a  hold  on  the  surface  of  the 

Constmction  of  Conduit.     (Fig.  30.)    A  bed  of  concrete  to 
the    depth   of   not   less   than    3    and    preferably    4    in.   should  1 


be  put  in  the  bottom  of  the  trench  and  the  surface  brought 
to  grade.  The  duct  should  be  laid  Uke  brickwork  in  cement 
mortar  in  such  a  manner  as  to  break  joints  both  horizonCall)' 
and  vertically.  Care  should  be  taken  in  selecting  cement 
for   the   mortar   used   in    this   work,  on   account   of   the  poesi- 
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— ^^ 


Pio.  40. — Typicsl  two-way  man 
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Pro.  41. — Typical 


THIRD  RAIL  673 

bility  of  seepage  through  the  joints.  A  quick-setting  cement  is 
recommended,  and  the  mortar  should  be  as  dry  as  practicable  to 
obtain  adhesion.  After  the  top  layer  of  ducts  is  in  place,  all  exposed 
joints  should  be  thoroughly  covered  by  a  coating  of  cement  mortar, 
appHed  with  a  trowd.  A  mandril  should  be  drawn  through  each 
duct  as  it  is  laid;  the  mandril  to  be  of  a  diameter  H  in.  less  than  the 
interior  diameter  of  the  duct.  The  length  of  this  mandril  should 
be  about  36  in.  The  mandril  should  be  left  in  each  duct  until  the 
next  succeeding  duct  is  laid.  The  space  between  ducts  and  sides 
of  ditch,  which  space  should  in, no  case  be  less  than  3  in.,  and  for  a 
depth  of  3  or  4  in.  above  the  duct  should  be  filled  with  cement  con- 
crete. Each  layer  of  concrete  should  be  thoroughly  rammed  as  it 
is  put  in.  The  top  of  the  finished  conduit  should  not  be  less  than 
2  ft.  below  the  surface  of  the  street. 

Manholes.  Manholes  should  be  placed  at  street  intersections 
or  turns  and  wherever  necessary  to  make  cable  joints.  The  dis- 
tance between  manholes  should  not  exceed  500  ft.  A  manhole 
should  be  kept  well  ventilated,  dry  and  clean.  Figs.  40  and  41 
show  typical  brick  two-  and  four-way  manholes,  respectively,  from 
the  Miscellaneous  Methods  of  the  American  Electric  Railway 
Engineering  Association.  The  top  of  the  manhole  casting  should 
be  set  so  as  to  conform  to  the  grade  line  of  the  street  and  the  space 
between  the  bottom  of  the  casting  and  the  covering  slab  should  be 
filled  with  brickwork  laid  in  cement  mortar.  All  bricks  used  should 
be  of  the  best  quality,  whole,  sound,  perfect,  and  hard  burned 
throughout.  Every  brick  should  be  thoroughly  wet  by  immersion 
in  water  previous  to  laying.  In  laying,  each  brick  should  have  a 
full,  close  joint  of  cement  mortar  made  at  one  operation  on  its  bed, 
ends  and  sides.  All  joints  must  be  thoroughly  trowel  struck.  If 
the  manhole  is  to  be  constructed  of  concrete,  its  walls,  floor  and 
ceiling  should  not  be  of  thickness  less  than  shown  in  Figs.  40  and  41. 

Third  Rail 

Limiting  Clearance  Lines  for  Third-rail  Structures,  AJB JLEA. 
Standard.  Fig.  42  gives  the  standard  locations  of  the  limiting 
clearance  lines  for  third-rail  and  permanent  way  structures  and  roll- 
ing equipment.  The  space  within  the  lines  AT^  BT,  CT,  DT, 
ET,  FT,  and  AT,  JT,  KT,  LT,  MT  should  be  reserved  for  third- 
rail  structures  on  tangent  track  or  curves  of  radius  greater  than  800 
ft.  (For  curves  of  radius  less  than  800  ft.  see  notes  in  Fig.  42.) 
Permanent  way  structures  on  tangent  track  or  curves  of  radius 
greater  than  800  ft.  should  not  be  nearer  the  third-rail  structure 
than  lines  AS,  JS,  KS,  LS,  MS.  (For  curves  of  radius  less  than  800 
ft.  see  note  in  Fig.  42.)  Rolling  equipment  under  conditions  of 
maximum  wear  and  deflection  on  tangent  track  or  curves  of 
radius  greater  than  800  ft.  should  not  be  nearer  the  third-rail 
structure  than  lines  AE,  BE,  CE,  DE,  EE,  FE,  GE.  (For  curves 
of  radius  less  tihan  800  ft.  see  note  in  Fig.  42.) 

Location  of  Third  Rail,  AJ.E.E.  Standard.  The  gage  line  of 
the  third  rail  to  be  located  not  less  than  26  in.  and  not  more  than 
27  in.  from  the  gage  line  of  the  track,  and  the  contact  surface  of 
43 
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the  third  rail  to  be  not  less  than  2H  in.  nor  more  than  3)4  in.  above 
the  plane  of  the  top  of  the  track  rail. 


cs 


jih\ 


BOLUNG  EQUIPaf  ENT 
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ZbH 
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Fig.  42. — Standard  limiting  clearance  lines  for  third  rail- 


Third-rail  Gage,  AJE^RMJi.  Standard  Definition.  Distance 
measured  parallel  to  plane  of  the  top  of  both  running  rails,  between 
gage  line  of  running  rails  and  gage  line  of  third  rail. 

Composition  and  Resistance  of  Third  Rail.    The  following  tables 
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and  conclusions  regarding  the  composition  of  steel  and  iron  con- 
ductor rail  are  from  a  paper  by  Mr.  J.  A.  Capp  before  the  American 
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permanent  way  structures  and  rolling  equipment. 

Institute  of  Mining  Engineers,  1903.  The  table  on  page  676  gives 
temperature  and  specific  resistance  at  that  temperature,  conductiv- 
ity and  resistance,  compared  to  that  of  copper,  and  the  composition 
for  each  of  several  samples  of  steel  and  iron  tested.    The  samples 
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Opwation  of  Hilrd  Rail  in  Snow.  In  Feb.,  1906,  tests  of  the 
operation  of  third  rail  in  snow  were  made  on  the  New  York  Central 
&  Hudson  River  R.  R.  After  medium  heavy  snow  had  fallen, 
without  drifting,  to  an  average  depth  of  17  in.  a  flanger  was  sait 
over  the  track.  This  packed  the  snow  against  the  third  raQ.  The 
test  was  made  by  observing  the  operation  during  the  passage  of  an 
dectric  locomotive  on  several  trips.    During  the  first   passage 


over  the  overrunning  unprotected  third  rail  there  was  very  little 
flashing  or  trouble.  Due  to  the  formation  of  ice  and  the  iroiuiig  out 
of  snow,  operation  grew  worse  on  succeeding  passages  until  it  be- 
came almost  impossible.  Results  with  the  overrunning  protected 
third  rail  Were  about  the  same  as  with  the  overrunning  unprotected 
third  rail.  The  first  passage  scooped  the  snow  away  for  2H  or  j  ! 
in,_  under  the  contact  surface  of  the  undeirunning  protected! 
third  rail.  Each  succeeding  passage  tended  to  dean  the  contact 
surface  and  operation  was  practical^  free  from  trouble. 
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having  serial  numbers,  i,  2,  4,  7,  ii  and  12  were  standard  T-rails. 
Nos.  24  and  25  were  cut  from  T-rail  used  for  conductor  on  the 
Aurora,  Elgin  and  Chicago  R.  R.  Nos.  46,  47  and  48  were  ordinary 
refined  bar-iron;  49  and  50  were  special  refined  bar-iron  for  stay- 
bolts  and  similar  use,  51  and  52  were  Swedish  and  Norway  iron 
respectively. 

The  values  in  the  tables  showing  the  variation  of  resistance  with 
manganese  were  selected  from  the  table  on  page  676  in  studying 
the  influence  of  manganese  on  resistance  and  indicate  that  the 
effect  of  manganese  in  increasing  resistance  gradually  increases 
with  the  percentage  of  manganese  present,  within  the  limits  repre- 
sented by  these  samples.  Messrs.  Barrett,  Brown  and  Hadfield 
(Trans.  Royal  Dublin  Society,  Vol.  VII,  series  2,  Part  IV)  found 
the  resistance  to  increase  at  first  very  rapidly,  with  constantly 
increasing  percentage  of  manganese,  then  more  and  more  slowly, 
until  7  per  cent,  manganese,  after  which  a  further  increase  in  the 
percentage  of  manganese  produces  little  or  no  increase  in  resistance. 


Resistance  of  Steel.  Variation  with  Manganese 
(Carbon  from  0.17  to  0.23  per  cent.) 


Sample 
number 

Manganese, 

I^esis'fca.nce 

Carbon, 

P  +  S  -f  Si  ^ 

per  cent. 

per  cent. 

per  cent. 

2 

1.09 

12.12 

0.17 

0.144 

4 

0.9S 

II. 55 

0.20 

0.23 

7 

1.08 

II. 51 

0.22 

0.210 

13 

0.80 

9.94 

0.23 

0.06s 

16 

0.89 

9.48 

0.23 

0.073 

19 

0.68 

9.36 

0.22 

0.197 

25 

0.48 

8.36 

0.188 

0. 17 

26 

0.56 

8.22 

0.22 

0.058 

27 

0.S7 

8.16 

0.193 

0.058 

31 

0.48 

7.95 

0.23 

0.057 

3S 

0.49 

.       7.73 

0.23 

0.028 

36 

.0.37 

7.71 

0.19 

o.is 

4Z 

0.21 

7.38 

0.19 

0.099 

44 

0.22 

7.28 

0.21S 

0.164 

Resistance  op  Steel,    Variation  With  Manganese 
(Carbon  from  0.27  to  0.33  per  cent.) 


Sample 

Manganese, 

Resistance 

Carbon, 

P  -f  S  +  Si 

number 

per  cent. 

per  cent. 

per  cent. 

I 

1.27 

13 -20 

0.33 

0.19 

14 

0.95 

9.86 

0.30 

0.083 

IS 

0.99 

9.86 

0.29 

0.104 

18 

0.65 

9.43 

0.28 

0.193 

21 

0.49 

8.90 

0.33 

0.138 

22 

0.4s 

8.46 

0.31 

0.166 

37 

0.41 

7.70 

0.27 

0.03s 

38 

0.28 

7.66 

0.28 

O.III 

40 

0.42 

7.60 

0.28 

0.070 
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The  values  in  the  tables  showing  the  variation  of  resistance  with 
carbon  were  selected  from  the  table  on  page  676  in  studying  the 
influence  of  carbon  on  resistance.  With  uniformly  increasing 
carbon  the  resistance  of  unhardened  steel  at  first  rises  very  rapidly, 
but  the  rate  of  increase  gradually  drops  until  it  reaches  a  straight 
line  at  about  0.2  per  cent.  C,  which  continues  up  to  limits  of  the 
carbon  listed. 


Resistance  op  Steel.    Variation  with  Casbon 

(Manganese  from  0.15  to  0.30  per  cent.) 

Sample 

Carbon, 

D  f^QICilAflO^ 

Manganese, 

P  +  S  -h  Si 

number 

per  cent. 

per  cent. 

per  cent. 

3 

1.40 

12.09 

0.222 

0. 112 

9 

1. 61 

10.76 

0.147 

0. 125 

33 

O.IO 

7.92 

0.25 

0.  II 

38 

0.28 

7.66 

0.28 

0.  Ill 

43 

0.19 

7.38 

0.21 

0.099 

44 

0.21s 

7.28 

0.22 

0.164 

45 

0.0s 

6.40 

0.19 

0.143 

Resistance  of  Steel.    Variation  with  Carbon 
(Manganese  from  0.4  to  0.5  per  cent.) 


Sample 

Carbon, 

H  AQ1  Q^J¥.n  0 A 

Manganese, 

P  +  S  +  Si 

number 

per  cent. 

I)er  cent. 

per  cent. 

21 

0.33 

8.90 

0.49 

0.138 

22 

0.31 

8.46 

0.45 

0.166 

23 

0.25 

8.42 

0.41 

0.17 

24 

0.144 

8.42 

0.46 

0.17 

2S 

0. 188 

8.36 

0.48 

0.17 

28 

0.16 

8.06 

0.48 

0.144 

30 

0. 14 

8.02 

0.41 

0. 169 

3t 

0.23 

7.95 

0.48 

O.OS7 

35 

0.23 

7.73 

0.49 

0.028 

37 

0.27 

7.70 

0.41 

0.035 

39 

0.07 

7.66 

0.40 

0.163 

40 

0.28 

7.60 

0.42 

•0.070 

42 

o.is 

7.40 

0.45 

0.044 

The  following  is  also  from  Mr.  Capp*s  paper:  "The  elements 
phosphorus,  sulphur  and  silicon  were  not  present  in  sufficient 
quantity  in  any  of  the  samples  tested  to  permit  us  to  draw  any 
curves  showing  their  influence  upon  the  resistance.  ...  Ini 
commercial  steels  the  percentages  of  all  three  of  these  dements  is 
so  small  that  their  effect  on  resistance  may  generally  be  neglected] 
A  study  of  the  several  tables  given  in  the  paper  shows  that  man] 
ganese  preponderates  in  influencing  the  resistance  of  steels,  ani 
that  for  lowest  resistivity,  this  element  must  be  present  in  very 
small  quantity,  much  smaller  than  is  usual  in  merchant  or  struc- 
tural steels.  While  all  the  other  elements  must  be  present  only  in 
very  small  percentages,  so  great  is  the  preponderance  of  th.e  in- 
fluence of  manganese,  that  they  may  be  tolerated  in  quantities  whicb 
the  steel  makers  would  consider  reasonable,  without  unduly  in- 
creasing  the  resistance.  For  a  satisfactory  third  rail  the  loi^^esti 
possible  resistance  (from  6  times  to  6.5  times  that  of  copper?)  is 
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not  necessary;  and  the  great  cost  of  making  such  extremely  pure 
steel  is  not  warranted.  In  fact,  such  extremely  pure  steels 
would  probably  be  so  soft  that  the  frictional  wear  of  the 
collecting  shoe  would  be  excessive  and  the  life  of  the  rail  unduly 
short.  Assuming,  then,  that  a  rail  from  steel  having  a  resistance 
not  greater  than  eight  times  that  of  copper  (13.8  microhms  at  20  deg. 
C.)  would  be  desirable  for  conductor  rails,  the  figures  tabulated 
would  seem  to  indicate  that  the  following  extreme  composition 
would  be  permissible: 

Per  cent. 

Carbon  up  to 0.2 

Manganese  up  to 0.4 

Phosphorus  up  to o. 06 

Sulphur  up  to 4 0 .  06 

Silicon  up  to o .  05 

This  composition,  however,  would  be  extreme,  and  any  over- 
stepping of  bounds  might  result  in  too  great  resistance;  therefore 
for  resistance  up  to  eight  times  that  of  copper,  the  specified  analysis 
should  be: 

Per  cent. 

Carbon  not  to  exceed 0.15 

Manganese  not  to  exceed o. 30 

Phosphorus  not  to  exceed 0 .  06 

Sulphur  not  to  exceed 0 .  06 

Silicon  not  to  exceed o .  05 

The  following  suggested  third-rail  composition  is  from  the 
Standard  Handbook  for  Electrical  Engineers: 

Per  cent. 

Carbon  not  to  exceed. 0.12 

Manganese  not  to  exceed o .  40 

Sulphur  not  to  exceed o. 0$ 

Phosphorus  not  to  exceed o.  10 

Relative  to  conductor  rails  installed  by  the  Underground  Electric 
Rys.  Co.,  London.,  Mr.  S.  B.  Fortenbaugh  (paper  A.I.E.E.,  1908), 
says:  "The  resistance  of  these  rails  was  about  6.4  times  that  of  an 
equivalent  area  of  copper  and  the  chemical  composition  substantially 
as  follows: 

Per  cent 

-    Carbon o.oS     * 

Manganese o.  19 

Sulphur o .  06 

Phosphorus COS 

Silicon o .  03 

It  is  interesting  to  note  that  the  cost  of  this  special  conductor 
rail  was  no  more  than  the  standard  track  rail." 

British  Standard  Method  of  Specifying  Resistance  of  Steel 
Conductor  Rails.  The  British  Engineering  Standard  Committee 
has  adopted  (1914)  the  following:  In  specifying  the  resistance  of  a 
steel  conductor  rail  the  value  shall  be  given  in  microhms  (millionths 
of  an  ohm)  and  shall  be  expressed  as  the  resistance  in  microhms  at 
a  temperature  of  60  deg.  F.  (15.6  deg.  C.)  of  a  rail  of  the  same 
material  as  the  conductor  rail  in  question,  having  a  length  of  i 
yd.  and  a  weight  of  100  lb.  It  follows  that  if  the  resistance  of  a 
rail  weighing  100  lb.  to  the  yard  be  R,  microhms,  that  of  a  rail 

weighing  W  lb.  to  the  yard  will  be     „/■'  microhms.     Converselv, 

W 
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if  the  resistance  of  a  rail  i  yd.  in  length  weighing  W  lb.  to  the  yard 

be  Rw  microhms,  that  of  the  corresponding  loo-lb.  rail  will  be 

WR 

microhms.    In  either  case  we  have  the  relation  ioo^«  =  WRw. 

loo 

For  the  purpose  of  reducing  observations  made  at  temperatures 
other  than  60  deg.  F.  to  the  standard  temperature,  a  mean  coefficient 
of  increase  of  resistance  with  temperature  of  0.26  per  cent,  per 
deg.  F.  (0.47  per  cent,  per  deg.  C.)  shall  be  employed  unless  other- 
wise specified.  Where  greater  accuracy  is  required  for  a  wide 
range  of  temperature,  the  coefficient  of  the  actual  piece  of  rail 
should  be  used. 

Temperature  Coefficient  oi  Conductor  Rails.  Conmienting  on 
the  above,  the  British  Committee  notes  that  the  temperature 
coefficient  of  the  conductor  rails  tested  at  the  National  Physical 
Laboratory  for  the  purpose  of  the  report  varied  from  0.28  per  cent, 
per  deg.  F.  (0.51  per  cent,  per  deg.  C.)  for  a  rail  of  15.9  microhms 
per  loo-lb.  yard  to  0.24  per  cent,  per  deg.  F.  (0.43  per  cent,  per  deg. 
C.)  for  a  rail  of  20.5  microhms  per  loo-lb.  yard.  Taking  the 
extreme  case  of  a  rail  of  16  microhms  per  loo-lb.  yard  tested  at 
40  deg.  F.  (4-5  deg.  C.)  or  80  deg.  F.  (27  deg.  C),  the  use  of  the  mean 
temperature  coefficient  may  introduce  an  error  of  ±0.6  per  cent 
For  a  smaller  range  of  temperature  the  error  would  be  proportion- 
ately less. 

National  Physical  Laboratory  Tests.  The  above-mentioned  re- 
port of  the  British  Engineering  Standards  Committee  gives  the 
following  table  showing  the  relation  between  the  resistance,  tem- 
perature coefficient  and  composition  of  some  samples  tested  at  the 
National  Physical  Laboratory  for  the  purpose  of  the  report 
(Sample  i  is  electrolytic  iron;  2,  3,  4  and  5  are  conductor  rails; 
6  is  a  piece  of  ordinary  track  rail.) 


Microhms  per 
xoo-lb.  yard 

Relative 
resis- 
tivity 

Temp,  coeff, 
per  cent.  i>er 
deg.  C. 

1 

0 

g 

0 

a 

1 

1 

A 

1 

1 

bo 

s 

0 

a 
« 

< 

1 

<5 

1 

52; 

B 
a 

3 

0) 

a 

1 

8 

0 

1 13.9 
2  159 
316.9 

418.3s 
Slao.s 

6  2C.1 

S.oo 
S-72 
6.08 

6.S9 
7.38 
9.1 

S.67 
6.48 
6.89 

7-47 
8.37 
10.3 

o.SS 
0.51 

0.47 

0.4s 
0.43 

0.3S 

0.040 
0.035 

0.092 

0.403 
0.561 

Trace 

O.OII 

Trace 
Trace 
0.068 

0.044 
0.076 

0.097 
0.060 
0.028 

0.035 
0.017 

0072 
0.027 
0.066 

0.165 

O.IOO 

0.362 
0.36s 
0.605 

0.030 
0.028 

0.06s 
0.012 
0.021 

0.025 

o.oos 

0.046 
0.048 

0.047 
0.330 

0.094 
0.081 

Trace 
Trace 

Trace 
Trace 

—«*•»# 

Third-rail  Sections.  Both  T-rails  and  rails  of  specially  rolled 
sections  are  used  for  third  rail.  The  section  should  be  such  as  to 
offer  ample  surface  for  current  collection,  and  it  should  have  an 
area  of  cross-section  proportional  to  the  conductivity  desired.  The 
following  table  gives  the  weight  per  yard  of  the  T-rail  used  for  third 
rail  in  several  installations: 


THIRD-RAIL  SECTION  AND  SUPPORT 


Bnglewood  Elevited.  Chicago 4^ 

Uetropolitui  W«t  Side  Elevated,  Chicteo 48 

Northwcatem  Elevited.  Chic««o 48 

Grand  Rapida.  Grsnd  Haven  S  MuskegoD, 60 

Michigan  United  Railways. 60 

Interborough  Rapid  Tranait  Co.,  New  York TS 

Inteiborough  Rapid  Transit  Co.  (Westchester  branch)  .  7S 

Lackawanna*  Wyoniiiie  Valley 7S 

Wilke^Bure  A  Huelton So 

Boston  Elevated SS 

Aurora.  Elpo  &  Chicago loo 

laterborooEh  Rapid  Transit  (elevated  division) loo 

LonglilanjR.R 100 

Puget  Sound  Elec.  Ry itw 

Sciolo  Valley  Trattion  Co -  "« 

Sealtle-Tacoma  Interurban '00 

Pmmylvania  Tunnel  &  Tenoinal  R.  R iSo 

The  section  shown  in  Fig.  43  was  used  in  the  New  York  Central 
k  Hudson  Rivet  R.  R.  electrification.     Fig.  44  shows  an  inverted 
channel  section  devised  by  Messrs.  S.  G.  Redman  and  C,  H.  Merz, 
London.     This  channel 
is  of  irregular  form,  as 
the  non-contacting 
flange  is  used  to  secure 
more  cross- sectional  con- 
ductivity and  to  keep  the 
contact-making  flangein  BaU 

Third-rail      Support. 

The  igoS  report  of  the 
Committee  on  Power 
Distribution,  A.E.R.E. 
A.  states  "The  spacing 
of  third-rail  supports 
varito  without  respect 
to  the  type  of  rail.    The 

King    most    used   is 
of   10  it.,   with  a 
maiimtim  in  some   in- 
stances of  1 1  ft.  and  a  "i  •'•' 
tninimum  of  from  5  ft.  '''' 
to  6  ft.    These  locations 


are  u>parently  governed 
by  the  lengths  of  third 


rail  and  the  standard  tie 
spacing  in  use.  The 
weights  of  brackets  vary 
between  9  lb.  with  the  overrunning  rail  and  13  lb.  to  «o  lb.  for  the 
undernmning  rail.  The  committee  can  see  no  reason  for  such  great 
diversity  in  spacing  of  supports,  and  would  recommend  that  a  spac- 
ing of  10  ft.  be  used  on  ail  third-rail  construction  where  30-ft.  con- 
ductor rail  is  used,  and  11  ft.  where  33-ft.  conductor  rail  is  t^sed. 
InaJl  cases  but  one(reported),  the  support  for  the  bracket  is  an  ex- 
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Pic.  4'- — Typical  four-way  muilKile. 
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bility  of  seepage  through  the  joints.  A  quick-setting  cement  is 
recommended,  and  the  mortar  should  be  as  dry  as  practicable  to 
obtain  adhesion.  After  the  top  layer  of  ducts  is  in  place,  all  exposed 
joints  should  be  thoroughly  covered  by  a  coating  of  cement  mortar, 
appned  with  a  trowel.  A  mandril  should  be  drawn  through  each 
duct  as  it  is  laid;  the  mandril  to  be  of  a  diameter  H  in.  less  than  the 
interior  diameter  of  the  duct.  The  length  of  this  mandril  should 
be  about  36  in.  The  mandril  should  be  left  in  each  duct  until  the 
next  succeeding  duct  is  laid.  The  space  between  ducts  and  sides 
of  ditch,  which  space  should  in,no  case  be  less  than  3  in.,  and  for  a 
depth  of  3  or  4  in.  above  the  duct  should  be  filled  with  cement  con- 
crete. Each  layer  of  concrete  should  be  thoroughly  rammed  as  it 
is  put  in.  The  top  of  the  finished  conduit  should  not  be  less  than 
2  ft.  below  the  surface  of  the  street. 

Manholes.  Manholes  should  be  placed  at  street  intersections 
or  turns  and  wherever  necessary  to  make  cable  joints.  The  dis- 
tance between  manholes  should  not  exceed  500  ft.  A  manhole 
shoidd  be  kept  well  ventilated,  dry  and  clean.  Figs.  40  and  41 
show  typical  brick  two-  and  four-way  manholes,  respectively,  from 
the  Miscellaneous  Methods  of  the  American  Electric  Railway 
Engineering  Association.  The  top  of  the  manhole  casting  should 
be  set  so  as  to  conform  to  the  grade  line  of  the  street  and  the  space 
between  the  bottom  of  the  casting  and  the  covering  slab  should  be 
filled  with  brickwork  laid  in  cement  mortar.  All  bricks  used  should 
be  of  the  best  quality,  whole,  sound,  perfect,  and  hard  burned 
throughout.  Every  brick  should  be  thoroughly  wet  by  immersion 
in  water  previous  to  laying.  In  laying,  each  brick  should  have  a 
full,  dose  joint  of  cement  mortar  made  at  one  operation  on  its  bed, 
ends  and  sides.  All  joints  must  be  thoroughly  trowej  struck.  If 
the  manhole  is  to  be  constructed  of  concrete,  its  walls,  floor  and 
ceiling  should  not  be  of  thickness  less  than  shown  in  Figs.  40  and  41. 

Third  Rail 

Limiting  Clearance  Lines  for  Third-rail  Structures,  AJBJ^JBA. 
Standard.  Fig.  42  gives  the  standard  locations  of  the  limiting 
clearance  lines  for  third-rail  and  permanent  way  structures  and  roll- 
ing equipment.  The  space  within  the  lines  AT,  BTy  CTy  DT, 
ET,  FT,  and  AT,  JT,  KT,  LT,  MT  should  be  reserved  for  third- 
rail  structures  on  tangent  track  or  curves  of  radius  greater  than  800 
ft  (For  curves  of  radius  less  than  800  ft.  see  notes  in  Fig.  42.) 
Permanent  way  structures  on  tangent  track  or  curves  of  radius 
greater  than  800  ft.  should  not  be  nearer  the  third-rail  structure 
than  lines  AS,  JS,  KS,  LS,  MS.  (For  curves  of  radius  less  than  800 
ft.  see  note  in  Fig.  42.)  Rolling  equipment  under  conditions  of 
maximum  wear  and  deflection  on  tangent  track  or  curves  of 
radius  greater  than  800  ft.  should  not  be  nearer  the  third-rail 
structure  than  lines  AE,  BE,  CE,  DE,  EE,  FE,  GE.  (For  curves 
of  radius  less  than  800  ft.  see  note  in  Hg.  42.) 

Location  of  Third  Rail,  AJ.E.E.  Standard.  The  gage  line  of 
the  third  rail  to  be  located  not  less  than  26  in.  and  not  more  than 
27  in.  from  the  gage  line  of  the  track,  and  the  contact  surface  of 
43 
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Third-rBil  Gage,  AXJLE^    Standard  Deflnitiaa.     DisUacc 

measured  parallel  to  plaae  of  the  top  of  both  runmng  rails,  between  j 

gage  line  of  runniug  rails  and  gage  line  of  thiid  raiL  j 

CompoaltJon  and  Resistance  of  Third  Rail.    The  following  tablev 


THIRD  RAIL 


676 


and  conclusions  regarding  the  composition  of  steel  and  iron  con- 
ductor rail  are  from  a  paper  by  Mr.  J.  A.  Capp  before  the  American 


MVLktomallM- 


n»  Uftar  V  VlUr  Om  Mtan  A^,K,L  vA  U  Indlwta  tka* 
tiM  Uacflofm  to  PferauMBt  «v  •*n«taiM. 

n»  Letter  Vaftw  «he  lattna  A,B,C,D,S  ud  F  Indi. 
MtM  that  tht  lliM  ntm  to  th«  Third  Ball  ■truotnns . 

Xh«Lett«r''B"»flartlM  l«ttwtA,B,C,D,B,F*Bda  indl- 
eatM  that  Vbm  Um  nim  to  Equlpiatnt. 
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xi>T»tknlBjB«bM  aten  tba  plana  of  trask  tall  wb«n 
ihoim  abort  tha  Uaa;  aad  tba  Dlitaaoa  la  Inebaa  atoa( 
tho  ylana  of  .traok  laila  from  tha  aaaroat  p(a  Uaa  of 
tiaak  wkaadMim  baknr  tlM  Uaa. 


3 

8 


f 
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-  —26  ia*  t  •    I  •     •  ■  —  ' 


— 10^4i«-i*^P(e41ie- 


FT-« 
TopofTia 


-12iih- 


permanent  way  structures  and  rolling  equipment. 

Institute  of  Mining  Engineers,  1903.  The  table  on  page  676  gives 
emperature  and  specific  resistance  at  that  temperature,  conductiv- 
ty  and  resistance,  compared  to  that  of  copper,  and  the  composition 
or  each  of  several  samples  of  steel  and  iron  tested.    The  samples 
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,  OpentdoD  of  lUrd  Rail  in  Snow.  Id  Feb.,  igo6,  tests  ot  the 
operation  of  tliird  rail  in  snow  were  made  on  the  New  York  Centra] 
&  Hudson  River  R.  R.  After  medium  heavy  snow  had  fallen, 
without  drifting,  to  an  average  depth  of  17  in.  a  flanger  was  sent 
over  the  track.  This  packed  the  snow  against  the  third  rail.  liw 
test  was  made  by  observing  the  operatioa  during  the  passage  of  an 
electric  locomotive  on  several  trip!'.    During  the  first  passage 


IHSCU.IOB  AND  WOODEK  PBOIECTION  SEElIHIHe 


^=fl 


over  the  ovemmning  unprotected  third  rail  there  was  very  little 
flashing  or  trouble.  Due  to  the  formation  of  ice  and  the  ironing  out 
of  snow,  operation  grew  worse  on  succeeding  passages  until  it  be- 
came almost  irnpossible.  Results  with  the  overrunning  protected 
third  railftere  about  the  same  as  with  the  overrunning  unprotected 
thiid  rail.  The  first  passage  scooped  the  snow  away  for  ajj  or  t 
in.  under  the  contact  surface  of  the  underrunning  protected 
third  rail.  Each  succeeding  passage  tended  to  dean  the  contact 
surface  and  operation  was  practically  free  from  trouble. 
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having  serial  numbers,  i,  2,  4,  7,  ii  and  12  were  standard  T-rails. 
Nos.  24  and  25  were  cut  from  T-rail  used  for  conductor  on  the 
Aurora,  Elgin  and  Chicago  R.  R.  Nos.  46, 47  and  48  were  ordinary 
refined  bar-iron;  49  and  50  were  special  refined  bar*iron  for  stay- 
bolts  and  similar  use,  51  and  52  were  Swedish  and  Norway  iron 
respectively. 

The  values  in  the  tables  showing  the  variation  of  resistance  with 
manganese  were  selected  from  the  table  on  page  676  in  studying 
the  influence  of  manganese  on  resistance  and  indicate  that  the 
effect  of  manganese  in  increasing  resistance  gradually  increases 
with  the  percentage  of  manganese  present,  within  the  limits  repre- 
sented by  these  samples.  Messrs.  Barrett,  Brown  and  Hadfield 
(Trans.  Royal  Dublin  Society,  Vol.  VII,  series  2,  Part  IV)  foimd 
the  resistance  to  increase  at  first  very  rapidly,  with  constantly 
increasing  percentage  of  manganese,  then  more  and  more  slowly, 
until  7  per  cent,  manganese,  after  which  a  further  increase  in  the 
percentage  of  manganese  produces  little  or  no  increase  in  resistance. 


Resistance  of  Steel.  Variation  with  Manganese 
(Carbon  from  0.17  to  0.23  per  cent.) 


Sample 
number 

Manganese, 
I>er  cent. 

Resistance 

Carbon, 
per  cent. 

P  +  S  +  Si  / 
per  cent. 

2 

1.09 

12. 12 

0.17 

0.144 

4 

0.9S 

II. SS 

0.20 

0.23 

7 

1.08 

II. SI 

0.22 

0.210 

13 

0.80 

9.94 

0.23 

0.065 

16 

0.89 

9.48 

0.23 

0.073 

19 

0.68 

9.36 

0.22 

0.197 

25 

0.48 

8.36 

0.188 

0.17 

26 

0.56 

8.22 

0.22 

0.058 

37 

0.S7 

8.16 

0.192 

0.058 

31 

0.48 

7. 95 

0.23 

0.057 

3S 

0.49 

,       7.73 

0.23 

0.028 

36 

0.37 

7.71 

0.19 

0.15 

43        • 

0.21 

7.38 

0.19 

0.099 

44 

0.22 

7.28 

0.21S 

0.164 

Resistance  or  Steel.    Variation  with  Manganese 
(Carbon  from  0.27  to  0.33  per  cent.) 


Sample 
number 

Manganese, 

Resistance 

Carbon, 

P  +  S  +  Si 

per  cent. 

per  cent. 

per  cent. 

I 

1.27 

13.20 

0.33 

0.19 

14 

0.95 

9.86 

0.30 

0.083 

IS 

0.99 

9.86 

0.29 

0.104 

18 

0.65 

9.43 

0.28 

0.193 

21 

0.49 

8.90 

0.33 

0. 138 

22 

0.4s 

8.46 

0.31 

0.166 

37 

0.41 

7.70 

0.27 

0.035 

38 

0.28 

7.66 

0.28 

O.III 

40 

0.42 

7.60 

0.28 

0.070 
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The  values  in  the  tables  showing  the  variation  of  resistance  with 
carbon  were  selected  from  the  table  on  page  676  in  stud3dng  the 
influence  of  carbon  on  resistance.  With  uniformly  increasing 
carbon  the  resistance  of  unhardened  steel  at  first  rises  very  rapidly, 
but  the  rate  of  increase  gradually  drops  until  it  reaches  a  straight 
line  at  about  0.2  per  cent.  C,  which  continues  up  to  limits  of  the 
carbon  Usted. 

Resistance  of  Steel.    Variation  with  Casbon 
(Manganese  from  0.15  to  0.30  per  cent.) 


Sample 

Carbon, 

Resistance 

Manganese, 

P  +  S  -f  Si 

number 

per  cent. 

per  cent. 

per  cent. 

3 

1.40 

12.09 

0.222 

0. 112 

9 

1. 61 

10.76 

0.147 

O.I2S 

33 

O.IO 

7.9a 

0.25 

O.II 

38 

0.28 

7.66 

0.28 

O.III 

43 

0.19 

7.38 

0.21 

0.099 

44 

0.21S 

7.28 

0.22 

0. 164 

45 

0.05 

6.40 

0.19 

O.I43 

Resistance  of  Steel.    Variation  with  Carbon 
(Manganese  from  0.4  to  0.5  per  cent.) 


Sample 
number 

Carbon, 

Resistance 

Manganese, 

P  4-  S  4-  Si 

per  cent. 

per  cejit. 

per  c«nt. 

21 

0.33 

8.90 

0.49 

0.138 

22 

0.31 

8.46 

0.4s 

0.166 

23 

0.2s 

8.42 

0.41 

0. 17 

24 

0.144 

8.42 

0.46 

0. 17 

25 

0.188 

8.36 

0.48 

0.17 

28 

0.16 

8.06 

0.48 

0. 144 

30 

0. 14 

8.02 

0.41 

0.169 

31 

0.23 

7.95 

0.48 

O.OS7 

35 

0.23 

7.73 

0.49 

0.028 

37 

0.27 

7.70 

0.41 

0.03S 

39 

0.07 

7.66 

0.40 

0.163 

40 

0.28 

7.60 

0.42 

•0.070 

42 

o.is 

7.40 

0.4s 

0.044 

The  following  is  also  from  Mr.  Capp's  paper:  "The  elements 
phosphorus,  sulphur  and  silicon  were  not  present  in  sufficient 
quantity  in  any  of  the  samples  tested  to  perniit  us  to  draw  any 
curves  showing  their  influence  upon  the  resistance.  ...  In 
commercial  steels  the  percentages  of  all  three  of  these  elements  is 
so  small  that  their  effect  on  resistance  may  generally  be  neglected 
A  study  of  the  several  tables  given  in  the  paper  shows  that  man- 
ganese preponderates  in  influencing  the  resistance  of  steels,  ana 
that  for  lowest  resistivity,  this  element  must  be  present  in  very 
small  quantity,  much  smaller  than  is  usual  in  merchant  or  struc- 
tural steels.  While  all  the  other  elements  must  be  present  only  in 
very  small  percentages,  so  great  is  the  preponderance  of  tlie  in- 
fluence of  manganese,  that  they  may  be  tolerated  in  quantities  which 
the  steel  makers  would  consider  reasonable,  without  unduly  in- 
creasing the  resistance.  For  a  satisfactory  third  rail  the  lowest 
possible  resistance  (from  6  times  to  6.5  times  that  of  copper?)  is 
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not  necessary;  and  the  great  cost  of  making  such  extremely  pure 
steel  is  not  warranted.  In  fact,  such  extremely  pure  steels 
would  probably  be  so  soft  that  the  frictional  wear  of  the 
collecting  shoe  would  be  excessive  and  the  life  of  the  rail  unduly 
short.  Assuming,  then,  that  a  rail  from  steel  having  a  resistance 
not  greater  than  eight  times  that  of  copper  (13.8  microhms  at  20  deg. 
C.)  would  be  desirable  for  conductor  rails,  the  figures  tabulated 
would  seem  to  indicate  that  the  following  extreme  composition 
would  be  permissible: 

Per  cent. 

Carbon  up  to 0.2 

Manganese  up  to 0.4 

Phosphorus  up  to o. 06 

Sulphur  up  to i o .  06 

Silicon  up  to o. 05 

This  composition,  however,  would  be  extreme,  and  any  over- 
stepping of  bounds  might  result  in  too  great  resistance;  therefore 
for  resistance  up  to  eight  times  that  of  copper,  the  specified  analysis 
should  be: 

Per  cent. 

Carbon  not  to  exceed o.is 

Manganese  not  to  exceed o. 30 

Phosphorus  not  to  exceed o. 06 

Sulphur  not  to  exceed o. 06 

Silicon  not  to  exceed o. 05 

The  following  suggested    third-rail    composition  is  from   the 

Standard  Handbook  for  Electrical  Engineers: 

Per  cent. 

Carbon  not  to  exceed. 0.12 

Manganese  not  to  exceed 0.40 

Sulphur  not  to  exceed o. 05 

Phosphorus  not  to  exceed 0. 10 

Relative  to  conductor  rails  installed  by  the  Underground  Electric 
Rys.  Co.,  London.,  Mr.  S.  B.  Fortenbaugh  (paper  A.I.E.E.,  1908), 
says:  ''The  resistance  of  these  rails  was  about  6.4  times  that  of  an 
equivalent  area  of  copper  and  the  chemical  composition  substantially 
as  follows: 

Per  cent 

Carbon 0.05     * 

Manganese o.  19 

Sulphur o.  06 

Phosphorus o.  05 

Silicon o .  03 

It  is  interesting  to  note  that  the  cost  of  this  special  conductor 
rail  was  no  more  than  the  standard  track  rail." 

British  Standard  Method  of  Specifying  Resistance  of  Steel 
Conductor  Rails.  The  British  Engineering  Standard  Committee 
has  adopted  (1914)  the  following:  In  specif jdng  the  resistance  of  a 
steel  conductor  rail  the  value  shall  be  given  in  microhms  (millionths 
of  an  ohm)  and  shall  be  expressed  as  the  resistance  in  microhms  at 
a  temperature  of  60  deg.  F.  (15.6  deg.  C.)  of  a  rail  of  the  same 
material  as  the  conductor  rail  in  question,  having  a  length  of  i 
yd.  and  a  weight  of  100  lb.  It  follows  that  if  the  resistance  of  a 
rail  weighing  100  lb.  to  the  yard  be  R,  microhms,  that  of  a  rail 

weighing  W  lb.  to  the  yard  will  be         ■*  microhms.     Conversely, 
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Fig.  41. — Typical 
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bility  of  seepage  through  the  joints.  A  quick-setting  cement  is 
recommended,  and  the  mortar  should  be  as  dr^  as  practicable  to 
obtain  adhesion.  After  the  top  layer  of  ducts  is  m  place,  aU  exposed 
joints  should  be  thoroughly  covered  by  a  coating  of  cement  mortar, 
applied  with  a  trowel.  A  mandril  should  be  drawn  through  each 
duct  as  it  is  laid;  the  mandril  to  be  of  a  diameter  H  in.  less  than  the 
interior  diameter  of  the  duct.  The  length  of  this  mandril  should 
be  about  36  in.  The  mandril  should  be  left  in  each  duct  until  the 
next  succeeding  duct  is  laid.  The  space  between  ducts  and  sides 
of  ditch,  which  space  should  in,no  case  be  less  than  3  in.,  and  for  a 
depth  of  3  or  4  in.  above  the  duct  should  be  filled  with  cement  con- 
crete. Each  layer  of  concrete  should  be  thoroughly  rammed  as  it 
is  put  in.  The  top  of  the  finished  conduit  should  not  be  less  than 
2  ft.  below  the  surface  of  the  street. 

ICanholes.  Manholes  should  be  placed  at  street  intersections 
or  turns  and  wherever  necessary  to  make  cable  joints.  The  dis- 
tance between  manholes  should  not  exceed  500  ft.  A  manhole 
should  be  kept  well  ventilated,  dry  and  clean.  Figs.  40  and  41 
show  typical  brick  two-  and  four-way  manholes,  respectively,  from 
the  Miscellaneous  Methods  of  the  American  Electric  Railway 
Engineering  Association.  The  top  of  the  manhole  casting  should 
be  set  so  as  to  conform  to  the  grade  line  of  the  street  and  the  space 
between  the  bottom  of  the  casting  and  the  covering  slab  should  be 
filled  with  brickwork  laid  in  cement  mortar.  All  bricks  used  should 
be  of  the  best  quality,  whole,  sound,  perfect,  and  hard  burned 
throughout.  Every  brick  should  be  thoroughly  wet  by  immersion 
in  water  previous  to  laying.  In  laying,  each  brick  should  have  a 
full,  close  joint  of  cement  mortar  made  at  one  operation  on  its  bed, 
ends  and  sides.  All  joints  must  be  thoroughly  trowel  struck.  If 
the  manhole  is  to  be  constructed  of  concrete,  its  walls,  floor  and 
ceiling  should  not  be  of  thickness  less  than  shown  in  Figs.  40  and  41 . 

Third  Rail 

TJmjtfn^r  Clearance  Lines  for  Third-rail  Structures,  AJB JtJEA. 
Standard*  Fig.  42  gives  the  standard  locations  of  the  limiting 
clearance  lines  for  third-rail  and  permanent  way  structures  and  roll- 
ing equipment.  The  space  within  the  lines  AT,  BT,  CT,  DT, 
ET,  FT,  and  AT,  JT,  KT,  LT,  MT  should  be  reserved  for  third- 
rail  structures  on  tangent  track  or  ciu'ves  of  radius  greater  than  800 
ft.  (For  curves  of  radius  less  than  800  ft.  see  notes  in  Fig.  42.) 
Permanent  way  structures  on  tangent  track  or  curves  of  radius 
greater  than  800  ft.  should  not  be  nearer  the  third-rail  structure 
than  lines  AS,  JS,  KS,  LS,  MS.  (For  curves  of  radius  less  than  800 
ft.  see  note  in  Fig.  42.)  Rolling  equipment  under  conditions  of 
maximum  wear  and  deflection  on  tangent  track  or  curves  of 
radius  greater  than  800  ft.  should  not  be  nearer  the  third-rail 
structure  than  lines  AE,  BE,  CE,  DE,  EE,  FE,  GE.  (For  curves 
of  radius  less  than  800  ft.  see  note  in  Fig.  42.) 

Location  of  Third  Rail,  A.I.E.E.  Standard.  The  gage  line  of 
the  third  rail  to  be  located  not  less  than  26  in.  and  not  more  than 
27  in.  from  the  gage  line  of  the  track,  and  the  contact  surface  of 
43 
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Pic.  41. — Tyirioal  tour-waj'  m»nliole. 
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bility  of  seepage  through  the  joints.  A  quick-setting  cement  is 
recommended,  and  the  mortar  should  be  as  dr^  as  practicable  to 
obtain  adhesion.  After  the  top  layer  of  ducts  is  m  place,  all  exposed 
joints  should  be  thoroughly  covered  by  a  coating  of  cement  mortar, 
applied  with  a  trowel.  A  mandril  should  be  drawn  through  each 
duct  as  it  is  laid;  the  mandril  to  be  of  a  diameter  H  in.  less  than  the 
interior  diameter  of  the  duct.  The  length  of  this  mandril  should 
be  about  36  in.  The  mandril  should  be  left  in  each  duct  until  the 
next  succeeding  duct  is  laid.  The  space  between  ducts  and  sides 
of  ditch,  which  space  should  in^no  case  be  less  than  3  in.,  and  for  a 
depth  of  3  or  4  in.  above  the  duct  should  be  filled  with  cement  con- 
crete. Each  layer  of  concrete  should  be  thoroughly  rammed  as  it 
is  put  in.  The  top  of  the  finished  conduit  should  not  be  less  than 
2  ft.  below  the  surface  of  the  street. 

ICanholes.  Manholes  should  be  placed  at  street  intersections 
or  turns  and  wherever  necessary  to  make  cable  joints.  The  dis- 
tance between  manholes  should  not  exceed  500  ft.  A  manhole 
should  be  kept  well  ventilated,  dry  and  clean.  Figs.  40  and  41 
show  typical  brick  two-  and  four-way  manholes,  respectively,  from 
the  Miscellaneous  Methods  of  the  American  Electric  Railway 
Engineering  Association.  The  top  of  the  manhole  casting  should 
be  set  so  as  to  conform  to  the  grade  line  of  the  street  and  the  space 
between  the  bottom  of  the  casting  and  the  covering  slab  should  be 
filled  with  brickwork  laid  in  cement  mortar.  All  bricks  used  should 
be  of  the  best  quality,  whole,  sound,  perfect,  and  hard  burned 
throughout.  Every  brick  should  be  thoroughly  wet  by  immersion 
in  water  previous  to  laying.  In  laying,  each  brick  should  have  a 
full,  close  joint  of  cement  mortar  made  at  one  operation  on  its  bed, 
ends  and  sides.  All  joints  must  be  thoroughly  trowel  struck.  If 
the  manhole  is  to  be  constructed  of  concrete,  its  walls,  floor  and 
ceiling  should  not  be  of  thickness  less  than  shown  in  Figs.  40  and  41. 

Third  Rail 

Limitbig  Clearance  Lines  for  Third-rafl  Structures,  AJB JtJBA. 
Standard.  Fig.  42  gives  the  standard  locations  of  the  limiting 
clearance  lines  for  third-rail  and  permanent  way  structures  and  roll- 
ing equipment.  The  space  within  the  lines  AT^  BT,  CT,  DT, 
ET,  FT,  and  AT,  JT,  KT,  LT,  MT  should  be  reserved  for  third- 
rail  structures  on  tangent  track  or  ciu^es  of  radius  greater  than  800 
ft.  (For  curves  of  radius  less  than  800  ft.  see  notes  in  Fig.  42.) 
Permanent  way  structures  on  tangent  track  or  curves  of  radius 
greater  than  800  ft.  should  not  be  nearer  the  third-rail  structure 
than  lines  AS,  JS,  KS,  LS,  MS,  (For  curves  of  radius  less  than  800 
ft.  see  note  in  Fig.  42.)  Rolling  equipment  under  conditions  of 
maximum  wear  and  deflection  on  tangent  track  or  curves  of 
radius  greater  than  800  ft.  should  not  be  nearer  the  third-rail 
structure  than  lines  AE,  BE,  CE,  DE,  EE,  FE,  GE.  (For  curves 
of  radius  less  than  800  ft.  see  note  in  Fig.  42.) 

Location  of  Third  Rail,  A.I.E.E.  Standard.  The  gage  line  of 
the  third  rail  to  be  located  not  less  than  26  in.  and  not  more  than 
27  in.  from  the  gage  line  of  the  track,  and  the  contact  surface  of 

43 
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Third-raU  Gage,  AJEJtJBjL    Standard  DeflnHion.    Distance 

measured  parallel  to  plane  of  the  top  of  both  running  rails,  between; 
gage  line  of  running  rails  and  gage  line  of  third  rail. 
CompodtiMi  and  Resistance  Of  Third RdL    ThefoUowing  tabloj 
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ind  conclusions  regarding  the  composition  of  steel  and  iron  con- 
iuctor  rail  are  from  a  paper  by  Mr.  J.  A.  Capp  before  the  American 


S4V^*«M*Ua«- 


Hm  LMtav  Vaftv  ikt  lattm  A^,K,L  uA  M  iadkwlM  tiMt 
tha  UiMTCfaca  to  ParnutMiitvij  •tmotaxM. 

Tbc  Letter  Vaftar  ib«  lettcn  A,B,C,D,£  and  F  Indi. 
wtM  tb*t  the  line  nfoa  to  ihe  ThlrdBaQ Btruotwei. 

The  Letter "E'atter  the  lattara  A,B,C,D,E,F»ada  indl- 
estes  that  (tw  line  refers  to  Equlpmeat. 

All  i^nret  repte^nt  dtaeaalcm  In  inehea}  whenplaioad 
•ftar  daaipnOBK  latten  th^  reimaaBt  feapaetiTdj  the 
UeTatifOniaJnehM  aboTe  the  plane  ef  tiaok  rail  when 
ttMWU  abora  tbe  Ua*}  aad  the  Distaaoa  in  Inobaa  along 
the  plane  of.traok  laila  from  the  oeareat  pc«  line  of 
tnek  when  ahoim  below  the  Una. 


24  fautoc^llaa 

—25  i^  "   "     ** 
—^Ojf  In, . »    •  •     . 


permanent  way  structures  and  rolling  equipment. 

institute  of  Mining  Engineers,  1903.  The  table  on  page  676  gives 
temperature  and  specific  resistance  at  that  temperature,  conductiv- 
ity and  resistance,  compared  to  that  of  copper,  and  the  composition 
for  each  of  several  samples  of  steel  and  iron  tested.     The  samples 
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having  serial  numbers,  i,  2,  4,  7,  ii  and  12  were  standard  T-rails. 
Nos.  24  and  25  were  cut  from  T-rail  used  for  conductor  on  the 
Aurora,  Elgin  and  Chicago  R.  R.  Nos.  46, 47  and  48  were  ordinary 
refined  bar-iron;  49  and  50  were  special  refined  bar-iron  for  stay- 
bolts  and  similar  use,  51  and  52  were  Swedish  and  Norway  iron 
respectively. 

The  values  in  the  tables  showing  the  variation  of  resistance  with 
manganese  were  selected  from  the  table  on  page  676  in  studying 
the  influence  of  manganese  on  resistance  and  indicate  that  the 
effect  of  manganese  in  increasing  resistance  gradually  increases 
with  the  percentage  of  manganese  present,  within  the  limits  repre- 
sented by  these  samples.  Messrs.  Barrett,  Brown  and  Hadfield 
(Trans.  Royal  Dublin  Society,  Vol.  VII,  series  2,  Part  IV)  found 
the  resistance  to  increase  at  first  very  rapidly,  with  constantly 
increasing  percentage  of  manganese,  then  more  and  more  slowly, 
until  7  per  cent,  manganese,  after  which  a  further  increase  in  the 
percentage  of  manganese  produces  little  or  no  increase  in  resistance. 


Resistance  of  Steel.  Variation  with  Manganese 
(Carbon  from  0.17  to  0.23  per  cent.) 


Sample 
number 

Manganese, 
I>er  cent. 

Resistance 

Carbon, 
per  cent. 

P  +  S  +  Si  / 
per  cent. 

2 

1.09 

12. 12 

0.17 

0.144 

4 

0.9S 

II. SS 

0.20 

0.23 

7 

1.08 

II. SI 

0.22 

0.210 

4 

0.80 

9.94 

0.23 

0.06s 

16 

0.89 

9.48 

0.23 

0.073 

19 

0.68 

9.36 

0.22 

0.197 

*l 

0.48 

8.36 

0.188 

0.17 

36 

0.56 

8.22 

0.22 

0.OS8 

21 

O.S7 

8.16 

0. 192 

0.0S8 

31 

0.48 

7.9s 

0.23 

0.0S7 

35 

0.49 

,       7.73 

0.23 

0.028 

36 

0.37 

7.71 

0. 19 

o.is 

43        • 

0.21 

7.38 

0.19 

0.099 

44 

0.22 

7.28 

0.21S 

0.164 

Resistance  op  Steel.    Variation  with  Manganese 
(Carbon  from  0.27  to  0.33  per  cent.) 


Sample 
number 

Manganese, 

per  cent. 

Resistance 

Carbon, 
per  cent. 

P  +  S  +  Si 
per  cent. 

I 

1.27 

13.20 

0.33 

0.19 

14 

095 

9.86 

0.30 

0.083 

IS 

0.99 

9.86 

0.29 

0.104 

18 

0.6s 

9.42 

0.28 

0.193 

21 

0.49 

8.90 

0.33 

0.138 

22 

0.4s 

8.46 

0.31 

0.166 

37 

0.41 

7.70 

0.27 

0.03s 

38 

0.28 

7.66 

0.28 

O.III 

40 

0.42 

7.60 

0.28 

0.070 
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The  values  in  the  tables  showing  the  variation  of  resistance  with 
carbon  were  selected  from  the  table  on  page  676  in  studying  the 
influence  of  carbon  on  resistance.  With  umfonnly  increasing 
carbon  the  resistance  of  unhardened  steel  at  first  rises  very  rapidly, 
but  the  rate  of  increase  gradually  drops  until  it  reaches  a  straight 
line  at  about  0.2  per  cent.  C,  which  continues  up  to  limits  of  the 
carbon  Usted. 

Resistance  of  Steel.    Variation  with  Carbon 
(Manganese  from  0.15  to  0.30  per  cent.) 


Sample 

Carbon, 

Resistance 

Manganese, 

P  +  S  +  Si 

number 

per  cent. 

per  cent. 

per  cent. 

3 

1.40 

13.09 

0.222 

0.112 

9 

i.6x 

10.76 

0.147 

0.125 

33 

O.IO 

7.92 

0.25 

O.II 

38 

0.28 

7.66 

0.28 

O.III 

43 

0.19 

7.38 

o.ii 

0.099 

44 

0.215 

7.28 

0.22 

0.164 

45 

0.0s 

6.40 

0.19 

0.143 

Resistance  of  Steel.    Variation  with  Carbon 
(Manganese  from  0.4  to  0.5  per  cent.) 


Sample 

Carbon, 

Resistance 

Manganese, 

P  +  S  +Si 

number 

per  cent. 

per  cent. 

per  cent 

21 

0.33 

8.90 

0.49 

0.138 

22 

0.31 

8.46 

0.45 

0.166 

23 

0.25 

8.42 

0.41 

0.17 

24 

0.144 

8.42 

0.46 

0.17 

2S 

0.188 

8.36 

0.48 

0.17 

28 

0.16 

8.06 

0.48 

0.144 

30 

0.14 

8.02 

0.41 

0.169 

31 

0.23 

7.9s 

0.48 

O.OS7 

35 

0.23 

7.73 

0.49 

0.028 

37 

0.27 

7.70 

0.41 

O.03S 

39 

0.07 

7.66 

0.40 

0.163 

40 

0.28 

7.60 

0.42 

•0.070 

42 

0.15 

7.40 

0.4s 

0.044 

The  following  is  also  from  Mr.  Capp's  paper:  "The  elements 
phosphorus,  sulphur  and  siUcon  were  not  present  in  sufficient 
quantity  in  any  of  the  samples  tested  to  permit  us  to  draw  an)! 
curves  showing  their  influence  upon  the  resistance.  .  .  .  Ii 
commercial  steels  the  percentages  of  all  three  of  these  elements  i| 
so  small  that  their  effect  on  resistance  may  generally  be  neglectc  * 
A  study  of  the  several  tables  given  in  the  paper  shows  that  mi 
ganese  preponderates  in  influencing  the  resistance  of  steels, 
that  for  lowest  resistivity,  this  element  must  be  present  in  v( 
small  quantity,  much  smaller  than  is  usual  in  merchant  or  strucj 
tural  steels.  While  all  the  other  elements  must  be  present  only  ii] 
very  small  percentages,  so  great  is  the  preponderance  of  the  ir 
fluence  of  manganese,  that  they  may  be  tolerated  in  quantities  whit 
the  steel  makers  would  consider  reasonable,  without  unduly 
creasing  the  resistance.  For  a  satisfactory  third  rail  the  lowe^ 
possible  resistance  (from  6  times  to  6.5  times  that  of  copper?)  M 
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not  necessary;  and  the  great  cost  of  making  such  extremely  pure 

steel  is  not  warranted.     In  fact,   such   extremely  pure  steels 

would    probably   be   so   soft   that    the    frictional    wear    of    the 

collecting  shoe  would  be  excessive  and  the  life  of  the  rail  unduly 

short.    Assuming,  then,  that  a  rail  from  steel  having  a  resistance 

not  greater  than  eight  times  that  of  copper  (13.8  microhms  at  20  deg. 

C.)  would  be  desirable  for  conductor  rails,  the  figures  tabulated 

would  seem  to  indicate  that  the  following  extreme  composition 

would  be  permissible: 

Per  cent. 

Carbon  up  to 0.2 

Manganese  up  to 0.4 

Phosphorus  up  to o. 06 

S^phur  up  to * o .  06 

Silicon  up  to o.  05 

This  composition,  however,  would  be  extreme,  and  any  over- 
stepping of  bounds  might  result  in  too  great  resistance;  therefore 
for  resistance  up  to  eight  times  that  of  copper,  the  specified  analysis 

should  be: 

Per  cent. 

Carbon  not  to  exceed 0.15 

Manganese  not  to  exceed o. 30 

Phosphorus  not  to  exceed o. 06 

Sulphur  not  to  exceed 0. 06 

Silicon  not  to  exceed o. OS 

The  following  suggested    third-rail    composition  is  from   the 

Standard  Handbook  for  Electrical  Engineers: 

Per  cent. 

Carbon  not  to  exceed. 0.12 

Manganese  not  to  exceed o. 40 

Sulphur  not  to  exceed o. 05 

Phosphorus  not  to  exceed o.io 

Relative  to  conductor  rails  installed  by  the  Underground  Electric 
Rys.  Co.,  London.,  Mr.  S.  B.  Fortenbaugh  (paper  A.I.E.E.,  1908), 
says:  "The  resistance  of  these  rails  was  about  6.4  times  that  of  an 
equivalent  area  of  copper  and  the  chemical  composition  substantially 
as  follows: 

Per  cent 

Carbon o.os     * 

Manganese 0.19 

Sulphur o.  06 

Phosphorus 0.05 

Silicon o .  03 

It  is  interesting  to  note  that  the  cost  of  this  special  conductor 
rail  was  no  more  than  the  standard  track  rail." 

British  Standard  Method  of  Specifying  Resistance  of  Steel 
Conductor  Rails.  The  British  Engineering  Standard  Committee 
has  adopted  (1914)  the  following:  In  specifying  the  resistance  of  a 
steel  conductor  rail  the  value  shall  be  given  in  microhms  (millionths 
of  an  ohm)  and  shall  be  expressed  as  the  resistance  in  microhms  at 
a  temperature  of  60  deg.  F.  (15.6  deg.  C.)  of  a  rail  of  the  same 
Diaterial  as  the  conductor  rail  in  question,  having  a  length  of  i 
yd.  and  a  weight  of  100  lb.  It  follows  that  if  the  resistance  of  a 
rail  weighing  100  lb.  to  the  yard  be  Ra  microhms,  that  of  a  rail 

weighing  W  lb.  to  the  yard  will  be     ^''  microhms.     Conversely, 
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if  the  resistance  of  a  rail  i  yd.  in  length  weighing  W  lb.  to  the  yard 

be  Rw  microhms,  that  of  the  corresponding  loo-lb.  rail  will  be 

WR 

microhms.    In  either  case  we  have  the  relation  iooi^«  =  WRm. 

loo 

For  the  purpose  of  reducing  observations  made  at  temperatures 
other  than  60  deg.  F.  to  the  standard  temperature,  a  mean  coefficient 
of  increase  of  resistance  with  temperature  of  0.26  per  cent,  per 
deg.  F.  (0.47  per  cent,  per  deg.  C.)  shall  be  employed  unless  other- 
wise si>ecified.  Where  greater  accuracy  is  required  for  a  wide 
range  of  temperature,  the  coefficient  of  the  actual  piece  of  rail 
should  be  used. 

Temperature  Coeffident  of  Conductor  Rails.  Commenting  on 
the  above,  the  British  Committee  notes  that  the  temperature 
coefficient  of  the  conductor  rails  tested  at  the  National  Physical 
Laboratory  for  the  purpose  of  the  report  varied  from  0.28  per  cent, 
per  deg.  F.  (0.51  per  cent,  per  deg.  C.)  for  a  rail  of  15.9  microhms 
per  loo-lb.  yard  to  0.24  per  cent,  per  deg.  F.  (0.43  per  cent,  per  deg. 
C.)  for  a  rail  of  20.5  microhms  per  loo-lb.  yard.  Taking  the 
extreme  case  of  a  rail  of  16  microhms  per  loo-lb.  yard  tested  at 
40  deg.  F.  (4.5  deg.  C.)  or  80  deg.  F.  (27  deg.  C),  the  use  of  the  mean 
temperature  coeffident  may  introduce  an  error  of  ±0.6  per  cent 
For  a  smaller  range  of  temperature  the  error  would  be  proportion- 
ately less. 

National  Physical  Laboratory  Tests.  The  above-mentioned  re- 
port of  the  British  Engineering  Standards  Committee  gives  the 
following  table  showing  the  relation  between  the  resistance,  tem- 
perature coefficient  and  composition  of  some  samples  tested  at  the 
National  Physical  Laboratory  for  the  purpose  of  the  report 
(Sample  i  is  electrolytic  iron;  2,  3,  4  and  5  are  conductor  rails; 
6  is  a  piece  of  ordinary  track  rail.) 


Microhms  per 
lOO-lb.  yard 

Relative 
resis- 
tivity 

Temp,  coeff. 
per  cent,  per 
deg.  C. 

0 

Silicon 

1 

a 

(A 

1 

U 
0 

1 

Arsenic 

Copper 

B 

9 

V 

'3. 

6 
a 

CO 

a 

"o 

> 

a 

8 

0 

1 11.0 

5.00 

S.72 
6.08 

6.S9 
7.38 
9.1 

S.67 

6.48 
6.89 

7.47 
8.37 

10.3 

o.SS 
o.Si 
0.47 

0.4s 
0.43 
0.35 

1 
i  . 

2 

4 
5 
6 

1S.9 
16.9 

T8.3S 

20.5 

25.3 

0.040 
0.035 

0.092 
0.403 
0.561 

Trace 

O.OII 

Trace 
Trace 
0.068 

0.044 
0.076 

0.097 
0.060 
0.028 

0.035 
0.017 

0.072 
0.027 
0.066 

0.165 

O.IOO 

0.362 
0.365 

0.605 

0.030 
0.028 

0.065 
0.012 
0.021 

0.025 
0.005 

0.046 
0.048 

0.047 
0.330 

0.094 
0.081, 

Trace 
Trace 

Trace 
Trace 

Third-rail  Sections.  Both  T-rails  and  rails  of  specially  rolled 
sections  are  used  for  third  rail.  The  section  should  be  such  as  to 
ofiFer  ample  surface  for  current  collection,  and  it  should  have  an 
area  of  cross-section  proportional  to  the  conductivity  desired.  The 
following  table  gives  the  weight  per  yard  of  the  T-rail  used  for  third 
rail  in  several  installations: 
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Weight  ot  third 
Road  rail,  lb.  per  yd. 

Englewood  Elevated,  Chicago 4| 

MeCnpolitan  West  Side  Elevated.  Chicago 4B 

Northwestern  Elevated,  Chicaao 48 

Grand  Rapids.  Grand  Haven  £  Muskegon 60 

Michigan  United  Railways 60 

Initrboiouah  Rapid  Transit  Co.,  New  York.....,..,,..  75 


rh  Rapid  Transit  Co.  (West 
'anna  ft  Wyon  '      "  " 
.Barre  &  Hue 


Wilka 

Aurora,  ^fgin  ST  Chicago. 


(elevated  division) 100 

PugM  Sound  Elec.  Ry I™ 

Soolo  Valley  Traction  Co i™ 

Se»ttl6.Taconia  Inteiurban ">" 

■"eiuoylvania  Tunnel  &  Terminal  R,  R ■$<> 

The  section  shown  in  Fig.  43  was  used  in  the  New  York  Central 
4  Hudson  River  R.  R.  electrification.     Fig.  44  shows  an  inverted 
channel  section  devised  by  Messrs,  S,  G.  Redman  and  C.  H.  Merii, 
London,     This  channel 
is  of  irregular  form,  as 
the  non-contacting 
flange  is  used  to  secure 
more  cross-sectional  con- 
ductivity and  to  keep  the 

conUct-maidng  flange  in  Bait 

place; 

Hiicd-rail  Sn^qxHt. 
The  [908  report  of  the 
Committee  on  Power 
Distribution,  A.E.R.E. 
A.  states  "The  spacing 
oi  third-rail  supports 
varies  without  respect 
to  the  type  of  rail.  The 
spacing  most  used  is 
that  of   10   ft.,   with  a 


I  ft.  and  a  "«»■•' 

minunum  of  from  5  ft.  "• 

to  6  ft.  These  locations 
ire  Mparently  governed 
by  the  lengths  of  third 

rail  and  the  standard  tie  „  ,.  „  ,, 

spacing    in    use.       The  Pre,  43.-N.  YjC^t^und.rrunmng 

weights  of  brackets  vary 

between  9  lb,  with  the  oveminning  rail  and  13  lb,  to  20  lb.  for  the 
updemmning  rail.  The  committee  can  see  no  reason  for  such  great 
diversity  in  spacing  of  supports,  and  would  recommend  that  a  spac- 
ing of  10  ft.be  used  on  all  third-rail  construction  where  30-ft.  con- 
ductor rail  is  used,  and  ir  ft.  where  33-ft  conductor  rail  is  used. 
In  all  cases  but  one  (reported) ,  the  support  for  the  bracket  is  an  ex- 
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tended  tie.  which  is  also  a  part  of  the  track  structure.  la  the  one 
case  referred  to  (subway  of  the  Philaddphia  Rapid  Transit  Co.), 
it  is  entirety  independent  ol  the  track  structure.  It  might  be  wdl 
in  this  connection  to  note  that  the  road  referred  to  reports  an  abso- 
lute lack  of  insulator  breakage,  undoubtedly  accounted  for  by  die 


1        \ 


Pic.  44.^liivert«d  clunne 


il  and  support. 


r^. 


above  condition  of  supports  independent  of  track  structuit" 
Pig.  45  shows  the  method  of  supporting  the  overrunning  T-sec- 
tion  Uurd  rail  on  the  Philadelphia  &  Western  Ry.  Fig.  46  shon 
the  method  of  supporting  the  undeminning  T-section  tbird  rail 
on  the  1200-volt  interurban  division  of  the  Central  California 
Traction  Co,  Kg.  43  shows  the  method  of  supporting  the  undei- 
„  running   third  rail   on   tbe  New   J 

"       _        York  Central  &  Hudson  River  R. 
\       R.    Fig.  44  shows  the  method  of 
supporting     the     Redman-Mm 
underrunning    third    rail.      The   | 
rectangular  base  of  this  channel 
is  supported  on  a  flat  insulator, 
an   intermediate  bracket   and   a 
foundation   insulator.     The   cap- 
'   ping   of    the   conductor   channel 
i%;    may   be  of   fiber,  stoneware,  or 
'   other    material    keyed    into   the 
conductor  as  indicated. 

Third-roil     Insulation.       The 
igoS   report   of    the    Committer   1 
>J_  on    Power  Distribution,   A.E.R.   | 


i.  46.— Undci 


rail.  Califc 


"  E.A.  states  "Three  kinds  of  in- 
r?:??.!!*  *^  ""'^  sulation  are  used  with  the  over-  | 
running  type  of  rail;  wood,  recon- 
structed granite  and  composition.  Four  kinds  of  insulation  are 
used  in  the  underrunning  type:  wood,  porcelain,  semi-porcelain  and 
composition.  The  bre^age  of  insulatora  for  the  overrunning 
types  reported  is  2.76  per  cent,  per  year.  The  breakage  on  the 
underrunoing  t^pe  is  3.36  per  cent,  p^  year,  based  on  the  in- 
formation now  in  the  hands  of  the  committee." 


— Third -n 


THIRD-RAIL  SUPPORT  AND  PROTECTION      683 

Relative  to  experience  on  the  Long  Island  K.  R.,  the  Street  Ky. 
Foumal,  1907,  states  that  the  chief  causes  of  the  failure  of  insulators 
tre  breakage  or  chipping  of  the  glazed  surface  due  to  rail  move- 
sent,  burning  of  the  insulators  due  to  excessive  moisture  trickling 
lown  over  the  surface,  displacement  due  to  creeping  of  the  third 
■aSl,  and  breakage  due  to  derailments.  A  considerable  amount 
Df  tile  leakage  over  the  insulators, 
ivhich  would  finally  result  in 
turning  them,  has  been  corrected 
>y  cleaning  oS  the  dirt  with  a 
^ece  of  cloth. 

Rdative  to  the  use  of  the  un- 
jeminning  U-section  third  rail 
)n  the  Philadelphia  &  Western 
Ry.,  the  Elecliic  Ry.  Journal, 
1013,  states  that  experience  had 
ihown  that  while  the  original  un- 
lercontact  rail  provided  for  longi- 
tudinal movement  due  to  expacT 
won  and  contraction,  no  provision  had  been  made  for  movement 
in  a  vertical  plane.  The  vibrations  set  up  by  heavy  cars  brought 
such  enormous  strains  upon  the  insulators  that  in  many  places 
the  only  insulation  left  was  that  afforded  by  the  tie.  Fi^.  47  shows 
two  types  of  insulators  used  in  the  installation  shown  in  Fig.  45. 
The  one-piece  insulator  is  dry  process  porcelain  and  the  two-pieep 
insulator  is  wet-process  porcelain.  A  cast- 
ron  cup  with  lag  screw  holds  the  insulator 
n  place  on  the  tie  and  a  cast-iron  cap  on  top 
of  the  insulator  holds  the  third  tail  in  posi- 
1.  A  canvas  pad  between  this  cap  and 
I  the  insulator,  together  with  provision  for 
'  vertical  movement,  reduces  the  vibration 
which  is  so  destructive  to  the  porcelain. 
In  the  installation  shown  in  Fig.  46  a  por- 
celain block  is  used  at  each  bracket.  In 
the  installation  shown  in  Fig.  43  the  third 
is  loosely  held  in  each  bracket  by  non- 
1  charring,  moisture-proof  insulator  blocks. 
I  Fig.  48  shows  a  two-piece  porcelain  insu- 
lator used  on  the  Lackawanna  &  Wyoming 
]  Valley  R.  R.  The  two  pieces  of  porcelain 
;  cemented  together  as  shown  and  then 
mounted  on  a  wooden  pin, 
Fio"™"*^— T^i^lrail  Third-rail  Protection.  Methods  of  pro- 
insulator.  Lackawanna  &  tecting  overrunning  and  underrunning  T- 
WyominB  Valley.  and    U-section    third   rail   are   shown    by 

Figs.  43  to  45,  respectively.  The  details  of 
two  types  of  protection  used  on  the  New  York  Central  type  third 
tail  (Fig.  43)  are  given  in  Fig,  4g.  In  this  type  a  sheathing  of 
wood  or  fiber  reaching  from  bracket  to  bracket  embraces  the  rail 
head,  reaches  nearly  to  the  running  face  of  the  rail  and  extends 
outward  from  the  wed,  thus  forming  a  petticoat. 
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Opwatloa  of  lUrd  Rdl  in  Sotnr.  In  Feb.,  1906,  tests  of  I 
DJperation  of  tiitd  tail  in  anow  were  made  on  the  New  York  Ceiif^ 
&  Hudson  River  R.  R.  After  medium  heavy  snow  had  M 
without  drifting,  to  an  average  depth  of  17  in.  a  Hanger  was  s 
over  the  track.  This  packed  the  snow  against  the  third  raiL 
test  was  made  by  observing  the  operation  during  the  passage  of 
electric  locomotive  on  several  trips.     During   the  firat  j— -* 


over  the  overrunning  unprotected  tliird  rail  there  was  very  litll 
flashing  01  trouble.  Due  to  the  formation  of  ice  and  the  ironiagM 
of  snow,  operation  ^ew  worse  on  succeeding  passages  until  it  be 
came  almost  impossible.  Results  with  the  overrunning  protecH 
third  rail  Cvere  about  the  same  as  with  the  overrunning  unprotecW 
third  rail.  The  first  passage  scooped  tile  snow  awa^  for  aw  of  1 
in.  under  the  contact  surface  of  the  underrunniug  protects 
third  rail.  Each  succeeding  passage  tended  to  clean  the  conUil 
surface  and  operation  was  practically  free  liom  trouble. 
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solving  caustic  chloride  of  calcium  in  warm  water  in  the  proportion 
of  5  lb.  of  caustic  chloride  of  calcium  to  i  gal.  of  water  has  been 
used  in  the  removal  of  sleet  from  the  third  rail  and  the  prevention 
of  the  formation  of  a  coat  of  sleet  on  the  rail.  The  solution  was 
kept  in  a  40-gal.  tank  in  the  motomian's  cab  and  was  led  through 
a  rubber  tube  to  a  M-in.  pipe  from  which  it  was  squirted  upon  the 
third  rail  a  [ew  inches  in  front  of  a  steel  sleet  brush.  The  flow  of 
liquid  was  controlled  by  a  globe  valve.  The  pipe  was  grounded  to 
the  truck  frame.  There  were  four  sleet  brusnes  per  cat  and  each 
was  provided  with  a  pipe.  In  operation  only  the  forward  pipe  on 
the  third-rail  side  yas  used.  The  flow  of  liquid  was  regulated  ac- 
cording to  the  speed  of  the  train  and  about  i  gal.  per  mile  was 
required.  The  sleet  brush  immediately  behind  the  pipe  spread  the 
liquid  uniformly  over  the  surface  0/  the  rail.  A  thin  sleet  formation 
was  dissolved  and  direct  contact  was  made  with  the  third  rail.  A 
thicker  sleet  formation  was  not  melted  at  once,  but  was  so  loosened 
that  it  was  scraped  off  the  rail  by  the  passage  of  one  or  two  sleet 
brushes.  The  formation  of  new  ice  was  prevented  as  long  as  the 
liquid  remained  on  the  rail,  but  after  about  a  hours  the  liquid 
was  removed  to  such  an  extent  that  another  application  was  neces- 
sary. This  process  removed  the  sleet  and  kept  the  trains  in  opera- 
tion, but  it  had  a  bad  effect  on  the  insulation  of  the  third  rail  and 
car  wiring.  This  led  to  the  development  of  a  side  contact  shoe 
having  a  cross-section  similar 
to  an  inverted  V.  By  riding 
on  tbe  edges  of  the  third  rail  , 
this  shoe  either  removes  the  J 
sleet  or  makes  contact  where  ' 
the  sleet  is  thinnest. 


shows  a  section  of  cable  con- 
duit as  rebuilt  for  electrical 
operation,  and  Fig.  33  shows 
a  standard  section  of  conduit, 
both  as  used  in  Washington, 
D.  C.  These  are  from  a 
paper  by  Mr.  J    H.  Hanna  awttion.tYoke 

Aera,     1913.     The    essential  p,,.    „_ Cable  conduit  rebuilt  for  elcc- 

elements  of  this  conduit  sys-        '      '        trio  operation, 
tern  consist  of  cast-iron  yokes 

supporting  both  wheel  and  slot  rails  and  two  steel  "T"  shaped 
conductor  bars  supported  from  the  bottom  flange  of  the  slot  rail  by 
insulators.  The  whed  rails  are  fastened  with  four  hook  bolts  at  each 
yoke  seat  with  liners  driven  back  of  the  bolts  to  allow  accurate  lining 
and  gaging  of  tbe  raits  after  the  yokes  have  been  concreted.  The 
conduit  proper  is  of  concrete  with  concrete  manholes  at  each  insula- 
tor, spaced  is  ft.  apart.  Insulators  consbt  of  malleable  caps  with 
lugs  by  which  the  insulator  is  bolted  to  the  slot  rail  porcelain  insula- 
tors and  forged  studs  cemented  together,  the  latter  supporting  the 
conductor  rail  by  means  of  adjustable  maiieable  clips  or  brackets. 
The  slot  rail  weight  is  67  lb.,  and  conductor  bar,  22.4  lb.  per  yard. 
Yokes  are  spaced  5  ft.  apart  and  weigh  about  350  lb.  each.     The 
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cast  crucible  steel,  hardened, 
but  not  machined.  These 
rollers  are  carried  on  i  X  6-in. 
steel  pins,  which  are  hdd  in 
place  in  the  steel  slide-rod  cast- 
ing by  cotter  pins  at  each  end. 
At  each  end  of  the  oak  board 
is  a  cast-iron  cam  and  wooden 
handle,  which  is  used  in  raising 
or  lowering  the  rollers  or  scrapers 
from  or  to  the  working  position. 

The  scraper  blades  are  H  X$fiX 
2H  in.,  and  are  made  of  tool  sted. 
There  are  four  of  these  blades 
bolted  to  cast-ste^  pivots  so 
that  they  may  take  the  scraping 
position  for  either  a  backward  or 
forward  movement  of  the  car. 

^  The  scrapers  are  supported  on 
a  slide  rod  provided  with  the 
elevating  cam  similar  to  the 
crushers.  Immediately  inade 
the  guide  plates  which  suppoit 
the  crusher  and  scraper  slide  rods 
are    two    cast-iron   corrugated 

J^  plates  which  are  used  in  adjust- 
ing the  sleet  remover  for  differ- 
ent truck  heights  and  whed 
wear.  Bolted  to  the  top  of  the, 
oak  insulating  timber  is  an  ad- 
justing leaf  spring,  the  ends  d 
which  are  fitted  into  slots  pro- 
vided at  the  top  of  each  slide- 
rod.    At  first  this  spring  pro- 

^  vided  ICO  lb.  pressure  at  bo4 
the  crusher  and  scraper,  lata 
the  crusher  end  pressure  was 
increased  to  200  lb.  by  ad 
another  leaf  to  the  crusher 
of  the  spring.  This  device  1 
be  either  bolted  to  the  third 
shoe  beam  or  held  in  position 
means  of  a  casting  which  is 
ted  to  the  car  spring  seats. 
V^-in.  flashboard  made  of 
and  running  the  full  length 
the  sleet  remover  is  inse 
between  adjusting  plates 
the  oak  timber  to  provide 
ditional  insulation. 
Calcium  Chloride  Third-rail  Sleet  JRemoval.  On  the  Ai_ 
Elgin  &  Chicago  Ry.  a  solution  of  calcium  chloride  made  by 
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solving  caustic  chloride  of  calcium  in  warm  water  in  the  proportion 
of  s  lb.  of  caustic  chloride  of  calcium  to  i  gal.  of  water  has  beea 
used  in  the  removal  of  sleet  from  the  third  rail  and  the  prevention 
of  the  formation  of  a  coat  of  sleet  on  the  rail.  The  solution  was 
kept  in  a  40-gal,  tank  ia  the  motorman's  cab  and  was  led  through 
a  rubber  tube  to  a  M-in.  pipe  from  which  it  was  squirted  upon  the 
third  rail  a  few  inches  in  front  of  a  steel  sleet  brush.  The  flow  of 
liquid  was  controlled  by  a  globe  valve.  The  pipe  was  grounded  to 
the  truck  frame.  There  were  tour  sleet  brushes  per  car  and  each 
was  provided  with  a  pipe.  In  operation  only  the  forward  pipe  on 
the  third-rail  side  yas  used.  The  flow  of  liquid  was  regulated  ac- 
cording to  the  speed  of  the  train  and  about  i  gal.  per  mile  was 
required.  The  sleet  brush  immediately  behind  the  pipe  spread  the 
liquid  uniformly  over  the  surface  of  the  rail.  A  thin  sleet  formation 
was  dissolved  and  direct  contact  was  made  with  the  third  rail.  A 
thicker  sleet  formation  was  not  melted  at  once,  but  was  so  loosened 
that  it  was  scraped  off  the  rail  by  the  passage  of  one  or  two  sleet 
brushes.  The  formation  of  new  ice  was  prevented  as  long  as  the 
liquid  remained  on  the  rail,  but  after  about  2  hours  the  liquid 
IS  removed  to  such  an  extent  that  another  application 


car  wiling.     This  led  to  the  development  of  a  side  contact  shoe 

having  a  cross-section  similar 

to  an  inverted  V.    By  riding 

on  the  edges  of  the  third  rail 

this  shoe  either  removes  the  '• 

sleet  or  malces  contact  where   ' 

the  sleet  is  thinnest. 

Conduit  System.  Fig.  52 
shows  a  section  of  cable  con- 
diat  as  rebuilt  for  electrical 
operation,  and  Fig.  53  shows 
a  standard  section  of  conduit, 
both  as  used  in  Washington, 
D.    C.     These    are    from    a 

paper  by  Mr.  J.  H.  Hanna,  a«u™»tYok6 

Aera,  1913.  The  essenUal  p,Q,  jj__^al,1e  conduit  rebuik  for  elec- 
eleraents  of  this  conduit  sys-  trie  operation. 

tern  consist  of  cast-iron  yokes 

supporting  both  wheel  and  slot  rails  and  two  steel  "T"  shaped 
conductor  bars  supported  from  (he  bottom  flange  of  the  slot  rail  by 
insulators.  The  wheel  rails  are  fastened  with  lour  hook  bolts  at  each 
yoke  seat  with  liners  driven  back  of  the  bolts  to  allow  accurate  lining 
and  gaging  of  the  rails  after  the  j^kes  have  been  concreted.  The 
conduit  proper  is  of  concrete  with  concrete  manholes  at  each  insula- 
tor, spaced  IS  ft.  apart.  Insulators  consist  of  malleable  caps  with 
lugs  by  which  the  insulator  is  bolted  to  the  slot  rail  porcelain  insula- 
tors and  forged  studs  cemented  together,  the  latter  supporting  the 
conductor  rail  by  means  of  adjustable  malleable  clips  or  brackets. 
TTie  slot  rail  weight  is  67  lb.,  and  conductor  bar,  22.4  lb.  per  yard. 
Yokes  are  spaced  s  ft.  apart  and  weigh  about  330  lb.  each.     The 


688  ELECTRIC  RAaWAV  HANDBOOK 

conductor  bars  are  connected  with  undeiground  feeder  cables  at  { 
intervals  varying  from  800  ft.  for  lines  having  dense  traffic  to  much 
greater  intervals  in  outlying  districts.  The  distribution  system 
is  identical  for  positive  and  n^ative  sides  aud  is  controlled  at  sub- 
stations by  double-pole  double-throw  switches,  which  make  it 
possible  to  reverse  tie  polarity  if  necessary  on  account  of  grounds 
on  different  sides  of  different  circuits. 

The  conduit  system  is  a.  constant  source  of  trouble  to  both  the 
railway  company  and  the  tcaveJing  public.     It  is  by  fa;  the  leasl   i 
reliable  of  all  the  systems.     This  is  because  of  the  difficulties  of 
ordinary  operation  and  the  excessive  number  of  accidents  which  an 
possible  with  this  system  and  against  which  it  is  impossible  to  pro- 
vide.    Neglecting  accidents,  for  the  moment,  this  s)^teai  is  the 
most  difScuIt  to  keep  in  ordinary  operation.     The  ordinary  diffi-   I 
culties  reach  a  maximum  with  rain  and  snow  storms.     Snow  tends 
to  fill  the  conduit  and  must  be  removed  by  pushing  it  to  manholes   . 
by  scra|>ers.    These  manholes  must  be  kept  clean.    The  removal  \ 
of  snow  interferes  with  traffic.    To  return  to  the  purely  accidenlil,  | 


Fig.  S3,— Slot  conduit,  Waahinglon. 

various  pieces  of  metal  are  washed  or  acddentalty  or  malidoiuiy 
dropped  through  the  slot  and  these  foul  the  jjlow  and  cause  short 
circuits.     Among  the  most  common  articles  wEiich  cause  this  trouble 
may  be  mentioned  automobile  chains,  hoops,  rods,  pipes  and  cables. 
Defective  switches  or  plow  guides  in  the  slot  often  make  the  car  and 
the  plow  start  down  different  tracks.     The  results  are  bent  plow  I 
bars,  broken  yokes,  bent  and  grounded  plows.    Locating  a  ground  i 
in  tlus  system  is  often  a  slow  process  dun  ng  which  traffic  is  tied  up.  I 
Auto-transformer  Scheme  of  Suigle-pluke  Distribution.    In  the  I 
auto- transformer  scheme  (also  known  as  the  semi-balanced  system) 
of-single  phase  distribution  developed  on  the  New  York,  New  Haven 
and   Hartford  R.   R.,   the   contact  conductor  of  the   11,000-volt 
catenary  system  is  connected  to  one  side  of  a  22,000-volt  single- 
phase  Une,  auto-transformers  distributed  along  the  track  are  con- 
nected across  this  aa.ooo-voll  line,  and  the  middle  point  of  each  of 
these  auto-transfotme»  is  grounded  to  the  track  rails.    Thus  this  J 
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system  is  similar  to  a  three-wire  system  except  thai  the  direct  load 
is  on  one  side  of  the  circuit,  the  other  side  of  the  circuit  receiving 
its  share  of  the  load  through  auto-transformers  which  act  as  bal- 
ancers. By  this  system  the  operating  economies  of  a  contact 
conductor  voltage  of  ii,ooo  and  a  transmission  voltage  of  22,000 
are  combined,  and  this  has  been  done  with  the  elimination  of  the 
disturbance  which  the  ordinary  single-phase  system,  having  one 
side  grounded  and  the  other  side  connected  to  the  contact  con- 
ductor, caused  in  adjacent  telephone  and  telegraph  circuits. 

Track  Bonding 

The  following  consideration  of  bonding  deals  with  the  application 
of  electrical  conductor  to  maintain  good  conductivity  from  rail  to 
rail  at  the  joints  of  the  track  circuit.  This  conductor  serves  no 
mechanical  purpose  at  the  joint.  It  should  be  noted  that  in  city 
work  the  practice  of  joining  the  rails  together  by  welding  is  in- 
creasing and  that  the  use  of  additional  electrical  conductor  is 
unnecessary  where  this  is  the  practice.     (See  pp.  59-63.) 

Classification  of  Bonds.  Bonds  may  be  clas^fied  according  to 
the  materials  of  which  they  are  made,  whether  of  solid  copper, 
copper  ribbon,  or  wire  stranded  copper;  according  to  place  of 
application  to  the  rail,  whether  to  the  head,  web  or  base,  and  if 
attached  to  web,  whether  "concealed"  between  joint  plate  and  rail 
or  ** exposed"  by  being  nm  over  the  outside  of  the  joint  plate; 
according  to  the  method  of^attaching  the  terminal  to  the  ml,  whether 
compressed  or  expanded,  brazed,  soldered  or  amalgamated. 

Compressed  and  Bzpanded  Terminals.  The  bond  terminal  is 
forced  into  intimate  contact  with  the  walls  of  a  hole  drilled  in  the 
rail.  The  two  general  types  of  this  terminal  are  commonly  known 
as  the  "compressed  (or  stud)  terminal"  and  the  "pin  terminal," 
respectively.  The  terminal  of  the  compressed  terminal  bond  is 
forced  into  contact  with  the  wall  of  a  hole  in  the  rail  by  a  screw  or 
hydraulic  press.  The  pin  terminal  is  tubular  and  this  tube  is 
expanded  into  contact  with  the  wall  of  a  hole  in  the  rail  by  driving 
a  tapered  steel  pin  into  the  bore  of  the  tube.  The  following  from 
the  results  of  tests  by  the  Chicago  Board  of  Supervising  Engineers, 
191 1,  gives  briefly  some  of  the  important  points  relative  to  the 
installation  of  these  types  of  bonds: 

First.  Averaging  the  thirty-two  tests  on  each  tjrpe,  the  hydraulic 
compressed  bond  shows  the  least  resistance,  viz.,  about  96.65  per 
cent,  of  the  pin  terminal  type.  Stated  in  terms  of  conductivity, 
•the  pin  terminal  bond  is  96.65  per  cent,  and  the  hand-compressed 
bond  98.64  per  cent,  of  the  hydraulic  compressed  bond  considered 
as  the  standard,  100  per  cent. 

Second.    The  best  form  of  terminal  is  that  in  which  the  flow  of 

copper  is  into  and  not  out  of  the  bore,  that  is,  one  in  which  the  flow 

is  restricted.    In  this  respect  the  compressed  terminal  is  superior, 

although  not  so  easy  to  apply  as  the  pin  terminal,  and  it  also  insures 

•a  much  better  mechanical  attachment. 

Third.  A  certain  pressure  between  copper  and  steel  is  essential 
!to  good  electrical  contact.  Conductivity  improves  up  to  about 
44 
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35,000  lb.  i>er  square  inch.  With  the  pin  terminal,  however,  it  is  I 
found  that  around  20,000  lb.  the  copper  begins  to  flow  out  of  the 
bore  and  no  higher  contact  pressure  is  possible  on  this  account.  This 
maximum  is  somewhat  dependent  upon  the  texture  of  the  copper  and 
the  lubricant  used,  and  upon  the  manner  in  which  the  pin  is  driven 
into  place. 

Fourth.  General  precautions  to  be  taken  in  bonding  as  largely 
developed  from  these  te$ts  are  as  follows :  Use  only  accurately  ground 
drills,  entered  at  right  angles  to  the  web,  and  finish  smooth.  Thci 
surface  of  the  rail  web  should  be  cleaned  for  i^  in.  around  the  bore,| 
and  the  latter  should  be  thoroughly  cleaned  and  dried  before 
bonding;  thus  the  head  of  the  bond  will  properly  abut  the  web  sur- 
face. In  driving  the  pin  a  heavy  lubncant  should  be  used,  fint 
with  a  drift  pin  of  the  pro^r  size  (M«  in.  for  a  ^An.  terminal),{ 
care  being  taken  to  avoid  striking  the  bond  itself.  ' 

Cost  of  Installing  Compressed  and  Expanded  Termmal  Bonds. 
The  following  data  from  a  paper  by  Mr.  Carl  H.  Fuller,  Electrici 
Railway  Journal,  1914,  give  actual  costs  of  installing  compressed: 
and  expanded  terminal  bonds  on  the  tracks  of  the  Macon  Railway 
&  Light  Co.,  Macon,  Ga.  With  the  exception  of  the  single  case 
noted,  all  of  the  drilling  was  done  with  a  Duntley  electric  track  di4 
the  crew  consisting  usually  of  one  man  who  ran  the  drill  aad& 
helper  who  helped  him  move  the  drill  and  pressed  in  the  bonds. 
Both  men  removed  and  bolted  up  the  plates  as  the  occasion  re- 
quired. There  is  some  slight  gain  in  making  the  crew  three  men 
if  the  work  warrants.  The  wage  of  the^rill  runner  was  $1.50  and 
of  the  helper  $1.35  per  day  of  10  hours. 

Case  I.  Paving  job.  Track  laid  and  surfaced,  with  two  bolts 
in  each  splice.  Bond  crew  removed  the  plates,  drilled  two  holi^ 
applied  the  concealed  bond  with  a  screw  press  and  full-bolted  tlie 
joint:  174  bonds  at  $0.2625  per  bond. 

Case  2.  Installation  of  a  cross-over  in  Belgian  block  paving. 
Bond  crew  drilled  the  holes,  applied  concealed  or  long  bonds  as 
required,  full-bolted  the  joints;  35  bonds  at  $0,266  per  bond. 

Case  3 .  R epaving  job.  Old  plates  and  bonds  were  not  disturbed. 
Twenty-eight-inch  bonds  with  compressed  terminals  were  plac^ 
around  the  old  plates.  Bonding  crew  had  a  good  chance  to  do 
record  work  and  placed  128  bonds  at  $0,175  P^'  bond. 

Case  4.  Paving  job.  Bond  crew  removed  two  \xAts  and  plates, 
drilled  for  and  placed  concealed  bond,  replaced  the  plates  with  two 
bolts  loose  for  track  gang  to  finish:  199  bonds  at  $0.1825  per  bond 

Case  5.  Paving  job.  Bonding  crew  applied  concealed  bond^ 
while  track  gang  was  laying  track,  but  made  no  special  effort  ti 
full-bolt  the  joints:  85  bonds  at  $0,168  per  bond.  j 

Case  6.  Paving  job.  Track  all  surfaced,  double  track,  bond  cre« 
following  all  four  rails  as  they  came  to  the  joints,  rails  60  ft.  long, 
special  effort  to  get  low  bonding  costs,  track  gang  applying  the  splice 
plates:  269  bonds  at  $0.09  per  bond.  This  was  an  exceptional  case 
and  the  same  crew  has  never  been  able  to  break  its  own  record. 

Case  7.  Laying  track  in  dirt  roads.  Bond  crew  applied  pin- 
compressed  terminal  bonds  under  the  plates,  doing  the  bolting  up: 
113  bonds  at  $0,136  per  bond. 
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Case  8.  Paving  job.  Remove  plates  with  two  bolts,  drill  two 
holes,  compress  bond  and  replace  plates  with  four  bolts,  continuous 
work:  187  bonds  at  I0.235  per  bond. 

Case  9.  Paving  job.  Remove  plates,  drill  holes  with  hand  drill, 
compress  bond,  replace  the  plates:  83  bonds  at  $0,375  per  bond. 

Case  10.  Track  laid  in  dirt  road  and  fully  surfaced.  Remove 
plates  with  four  bolts,  drill  holes  and  compress  bond,  replacing  the 
plates.  The  four  men  in  the  crew  worked  continuously:  1020 
bonds  at  $0.2405  per  bond. 

Case  II.  Remove  plates  having  four  bolts,  drill  and  press  in 
bond,  replacing  plates:  fifty-four  bonds  at  $0,292  per  bond. 

Average  cost  of  the  total  2347  bonds  in  the  above  eleven 
cases  is  $0,215  per  bond. 

Brazed  Terminals.  "Brazed''  bond  terminals  which  are  gen- 
erally flat  are  brazed  to  a  spot  on  the  rail  which  has  been  prepared 
by  grinding.  The  heat  is  supplied  by  a  blow  torch  or  heavy  electric 
current.  The  brass  used  to  make  the  brazed  joint  is  used  in  a 
solder-Uke  strip.  A  bond  brazed  electrically  is  sometimes  called 
an  electrically  welded  bond.  The  current  is  supplied  at  from  i 
to  6  or  8  volts  from  a  transformer  which,  on  a  direct-current  road, 
is  supplied  by  a  motor-generator  set  operated  on  trolley  voltage. 

Severed  Tennlnals.  Flat  terminals  are  soldered  to  the  rail  or 
the  end  of  a  compressed  or  expanded  terminal  bond  is  soldered  to 
the  rail  after  the  terminal  has  been  compressed  or  expanded  into 
place.  The  area  over  which  the  solder  is  to  adhere  to  the  rail  is 
prepared  by  grinding.  Heat  is  supplied  by  a  blow  torch  or,  in  the 
case  of  the  compressed  terminal  bond,  the  bond  may  be  soldered  by 
the  Thermo  bonding  process,  in  which  the  necessary  heat  for  solder- 
ing is  obtained  from  the  heat  of  reaction  of  a  special  compound 
which  is  ignited  in  a  graphite  cup  held  against  the  rail  on  the  side 
opposite  that  to  which  the  solder  is  to  be  applied. 

Amalgamated  Terminals.  In  one  form  a  mass  of  tin  amalgam 
is  placed  between  amalgamated  surfaces  of  rail  and  joint  plate  and 
is  held  in  place  by  a  cork  washer  squeezed  between  rail  and  joint 
]^te.  In  another  form  the  terminal  of  a  copper  bond  and  the 
surface  of  the  rail  or  the  walls  of  a  hole  in  the  rail  are  amalgamated 
and  held  in  place  with  slight  pressure,  depending  upon  a  layer  of 
tin  amalgam  to  maintain  the  contact.  One  method  of  using  mer- 
cury amalgam  is  to  apply  it  to  the  terminal  surfaces  of  regular 
compressed  or  pin  terminal  bonds.  The  Chicago  Board  of  Super- 
vising Engineers,  19 11,  found  the  contact  resistance  of  compressed 
and  pin  terminsds  with  amalgamation  to  be  approximately  94  per 
cent,  of  the  contact  resistance  without  amalgamation. 

Bolted  Terminals.  In  some  types  of  bolted  terminals  copper 
strips  are  bolted  against  the  rail  or  are  squeezed  between  rail  and 
joint  plate.  Bolted  terminals  have  been  developed  particularly 
for  applying  the  terminals  of  auxiliary  cables  around  special  work. 
For  this  latter  purpose  special  terminals  are  bolted  to  the  web  of 
the  rail. 

Ideal  Bond.  The  material,  form  and  structure  of  the  ideal  bond 
arc  briefly  presented  by  Mr.  C.  W.  Ricker,  A.I.E.E.,  1905,  as 
follows:   To  get  the  necessary  conductivity,  bonds  are  nearly 
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alwa3rs  of  copper,  about  the  only  exception  being  those  of  tin 
amalgam.  To  reduce  cost  and  resbtance,  they  must  be  as  short 
as  practicable,  and  the  manufacturing  cost  must  be  kept  low, 
to  preserve  the  scrap  value  as  near  the  first  cost  as  possible.  For 
durability  they  must  be  flexible  enough  so  as  not  to  break  or  lose 
contact  by  the  allowable  relative  motion  of  the  rails.  They  must 
be  formed  so  they  may  be  applied  to  the  types  of  rails  in  ordinary 
use,  in  such  position  as  to  be  protected  from  accidental  damage  and 
from  theft.  They  should  be  readily  accessible  for  inspection  and 
repair.  The  cost  of  application  must  be  kept  low,  and  to  this  end 
it  is  very  important  that  the  process  shall  be  so  simple  and  easy 
that  no  highly  skiUed  labor  or  extraordinary  care  is  required  to 
install  them  with  certain  and  uniform  results. 

Failure  of  Bonds  in  Service.  Failures  of  bonds  may  be  placed 
in  three  classes,  namely,  (i)  breakage  of  bonds,  (2)  disintegration  of 
bonds,  (3)  impairment  of  contacts.  The  following  discussion  of 
these  cases  is  from  the  above  noted  paper  by  Mr.  C.  W.  Ricker: 

Breakage  of  Bonds,  Breakage  may  occiur  because  of  defects  in 
manufacture,  as  in  copper  bonds  with  welded  terminals  the  strands 
may  be  weakened  by  overheating  where  they  enter  the  terminal; 
and  a  slight  but  continuous  motion  of  the  joint  will  cause  them  to 
break,  one  by  one,  at  this  place.  Long-K:ontinued  jar  and  repeated 
flexures  will  produce  fatigue  in  the  metal.  Such  breakage  in  the 
case  of  either  welded  or  solid  bonds  is  of  course  most  frequent  where 
the  flexure  of  the  bond  due  to  rail  movements  is  too  great  for  its 
flexibility,  which  means  ill-selected  bonds  or  badly-kept  track.  A 
less  common  manner  of  breakage  occurs  in  laminated  underplate 
bonds  which  are  too  large  for  the  space  between  the  joint-plate  and 
the  rail,  the  bond  shank  is  pinched  and  the  working  of  the  joint 
under  passing  wheels  tears  off  the  outer  strands  by  a  land  of  ratchet 
effect,  working  them  into  the  narrowing  space  at  top  or  bottom  of 
the  rail'-web  and  sometimes  squeezing  them  out  of  the  joint  in  thin 
ribbons.  Bonds  secured  under  the  base  of  the  rail  may  be  frozen 
in  the  ballast  and  torn  off  by  the  movement  of  the  rail. 

Disintegration,  The  surfaces  at  the  imperfect  welds  in  composite 
bonds  corrode,  increasing  the  resistance  greatly  and  loosening  and 
weakening  the  bonds  so  that  they  may  be  pulled  apart.  Tin 
amalgam  used  at  contacts  or  in  masses,  hardens  and  shrinks,  losing 
flexibility  and  contact  with  the  bonded  surfaces.  In  the  case  of 
amalgam  plugs  enclosed  in  cork  boxes,  the  cork  sometimes  breaks, 
allowing  the  soft  amalgam  to  run  out. 

Impairment  of  Contact,  By  far  the  most  important  cause  of 
impaired  contact  is  oxidation.  This  is  greatly  facilitated  by  the 
presence  of  moisture,  so  that  the  slightest  crevice  into  which  mois- 
ture may  penetrate  and  lodge  is  dangerous.  Soft-soldered  contacts 
underground  are  not  to  be  trusted,  especially  on  track  laid  in  streets, 
which  is  sure  to  be  wet  with  dirty  water,  though  there  is  no  apparent 
reason  why  soldered  contact  entirely  above  ground  should  not  be 
durable,  if  all  traces  of  corrosive  flux  are  removed.  Amalgamated 
steel  surfaces  are  not  durable  and  soon  rust  in  track  exposed  to 
dampness.  Expanded  or  compressed  terminal  bonds,  which  have 
not  been  properly  applied,  may  be  loosened  by  the  movement  of 
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the  rail,  and  well-soldered  bonds  may  be  loosened  or  torn  off  by 
the  same  means  if  they  are  too  rigid.  No  mention  has  been 
made  of  accidental  breakage  of  bonds.  Of  course,  bonds  which 
are  improperly  located  may  be  knocked  off  by  rolling  stock,  and 
various  lo<:aI  external  conditions  may  operate  to  destroy  any  kind 
of  bond. 

Lengfii  of  Bond.  A  short  rail  bond  is  more  econonucal  of  copper 
than  B  long  one,  but  is  more  liable  to  damage  from  vibration  of  a 
loose  joint.  A  short  concealed  bond  should  not  be  used  where  the 
rail  joint  is  not  rigidly  supported.  The  length  of  a  bond  to  be 
concealed  between  joint  plate  and  rail  is,  under  certain  conditions, 
somewhat  dependent  upon  the  spacing  o£  joint  bolts.  The  length 
of  bonds  in  use  varies  from  6  to  lo  and  more  inches.  The  lo-in, 
bond  is  in  very  common  use.  Electrified  steam  roads  are  u^ng 
bonds  i6  to  24  in.  long.  Long  bonds  for  spanning  splice  bars  on 
small  rails  should  be  about  s  in,  longer  (formed)  than  the  splice 
bar,  and  about  6  in.  longer  than  the  splice  bar  on  large  rails. 

Resiatsiice  of  Bonded  lUil  Joint  Neglecting  tiie  very  unreliable 
conductivity  between  rail  and  railby  way  of  mechanical  joint  plates. 


Pic.  U- — Resistance  annealed  copper  rail  bonds. 

the  resbtance  of  a  newly  bonded  joint  may  be  approximated  as 
follows; 

Brazed,  Soldered  or  Welded  Band.  Add  i  in.  to  the  length  of 
the  bond  shank  conductor  between  terminals.  The  resistance  of 
the  bonded  joint  is  approximately  equal  to  the  resistance  of  a  length 
of  the  shank  conductor  equal  to  the  length  so  found. 

Compressed  or  Pin  Terminal  Bond.  To  the  resistance  of  a 
length  of  shank  conductor  equal  to  the  length  from  center  to  center 
«rf  terminals  measured  along  the  shank  conductor  add  twice  the 
contact  resistance  ol  one  terminal. 

The  reHstance  of  the  shank  conductor  may  be  determined  from 
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Fig.  54.  Knowing  the  thickness  of  the  rail  web  and  diameter  of 
tenninalholeiQ  web,  the  contact  area  (coasidering  only  area  of  hole 
wall)  may  be  determined  from  Fig,  55.  For  thickness  of  web  sec 
rail  dimensions  on  pp.  46-51.  Common  outside  diameters  of  bond 
plugs  of  compressed  or  expanded  terminal  Ixtnds  are  as  follows: 

A.W.g"  (B.  a  S.»  Diameter  of  plug, 


Fig.  SS-— Contact  area  compresseci  or  pin  terminal  rail  bonds. 

Tests  made  by  Messrs,  Hall,  Smith  and  Starbird  at  the  Worcester 
Polytechnic  Institute  indicate  that  the  contact  resistance  between 
soft  steel  and  pure  copper  at  pressures  from  20,000  to  30,000  lb. 
per  square  inch  lias  values  from  1/2  to  1  microhm  per  square  inch. 
These  values  are  plotted  in  Fig.  56.  The  contact  resistances  of 
bond  terminals  vary  from,  each  other,  depending  upon  the  many 
factors  in  the  process  of  installation.  The  value,  0,8  microhm 
(o.ooooooS  ohm),  may  be  used  in  the  practical  calculation  of  the 
resistance  of  track  return  where  bonds  are  carefully  installed. 

Resistance  of  Track  Return.  The  resistance  of  a  given  section 
nl  track,  using  both  railsasretumconductorsiseqtwl  to  one-half  the 
resistance  of  the  sum  of  all  the  joints  plus  one-half  the  resi* 
Lhc  rail  between  joints  contained  in  one  of  the  rails  of  that 
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of  resistance  of  steel  to  that  of  copper  ma^  be  taken  as  i 
ordinary  running  rail).  To  this,  add  the  resistance  of  one  bonWj 
joint  (see  Resistance  of  Bonded  Rail  Joint,  page  693).  The* 
niqtBTice  of  the  given  section  of  track  will  be  equal  to  one-half  Vk] 
multiplied  by  the  quotient  obtained  by  dividing  the  IcpjA 
■      ■     thek     ■■     ■  ■'■    ™- 


of  the  given  section  by  the  length  of  one  rail.    This  may  be 
vcniently  eicpressed  as  follows; 

r{l  -  ii)  +  fi  „  £ 


R~  - 


tction  of  track,'  ohms 
L  -  length  of  section,  feet 
I    =  one  rail  length,  feet 
h  »  length  of  one  joint,  feet 
r    —  resistance  of  tail,  ohms  per  foot.     See  page  (km- 
T]  —  resistance  of  one  bonded  joint,  ohms. 


The  allowable  value  of  the  re^stance,  R,  depends  upon  the  ci 
flowing  and  the  allowable  voltage  drop.     Its  value  is  detenninedl 
follows: 

"-'1 

in  which  R  —  the  allowable  ledstance  of  the  gjven  e 

track,  ohms 
e    =  the  allowable  voltage  drop  from  one  end   to  4 

other  of  the  given  section,  volts 
/   =  current  flowing  in  track  return,  amperes. 
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il  amount  of  power  loss.    The  power  loss  may 


in  which  p   =  power  lost,  kilowatts. 

(Significance  of  remaining  symbols  as  above.) 

Size  <tf  Bond.  A  common  allowance  for  the  area  of  cross-section 
of  aa  ordinary  joint  bond  is  500  dr.  mils  per  ampere  carried  by  the 
bond.  Short  bonds  may  be  operated  at  a  much  greater  current 
den^ty.  The  latter  is  of  value  in  handling  rush  loads  of  short 
duration. 

Cross  Bonding.  In  order  to  maintain  the  current  in  the  two  rails 
of  the  track  return  circuit  as  nearly  equal  as  possible  and  to  care  for 
a  possible  open  bond,  the  two  running  rails  should  be  bonded 
together  by  "cross  bonds."  These  make  contact  at  the  web  of 
the  rail  or  at  the  outside  of  the  raU  head.  T^e  spacing  of  cross 
bonds  depends  upon  the  density  of  traffic.  In  city  work  it  is  cus- 
tomary to  place  them  about  three  per  1000  ft.    They  are  spaced 

from  this  to  1500  ft.,  but  com- 

monly    looo   ft.   in   interurbaft 
work.     Where  track  circuit  sig — 
nal  systems  are  used  the  matter 
of  cross  bonding  must  be  con — 


bianch-oS. 


sidered  in  its  relation  to  the  signal  system.  Cross  bonding  may 
be  entirely  prohibited  or.  in  the  case  of  alternating  current  signal 
systems,  it  may  be  provided  by  inductive  bonds  {see  page  893). 
Bondfaig  at  ^edu  Work.  Special  work  must  be  removed  com- 
paratively frequently,  its  joints  are  subject  to  great  vibration  and 

offer    construction     difficulties     to  _ 

bonding,  it  i^  of  steel  having  low 
conductivity,  and  it  contains  many 
joints.     Thus,  the  bonding  of  joints  - 

through  special  work  in  a  manner  -  ^ 

nmilar  to  that  on  ordinary  track  is  p, 0.59.— Bonding  around  croaaover. 
unreliable.  It  has  been  found  satis- 
factory to  bond  around  special  work  by  means  of  bare  stranded 
copper  (500,000  to  1,000,000  cir.  mil  cable  is  commonly  used  for 
thlswork).  Figs.  57  to  61,  includve,  give  schemes  for  bonding 
around  several  typical  pieces  of  special  work.  It  is  the  practice 
of  many  roads  to  bond  through  as  well  as  around  special  work. 
This  is  necessary  in  city  work  and  is  done  by  connecting  each 
piece  of  rail  in  the  special  work  fc     '        ' ■ 


}  the  cable  which  bonds  around 
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the  special  work,  or  by  bonding  the  joints  in  the  spedfLl  work,  J 

in  straight-away  track  construction.     As  in  the  case  of  cross  bond-'! 

ing,  where  track  signal  systenis  are  used,  bonding  q,t  speoal  wmt; 

sbould  be  consideKd  in  its  relation  to  the  signal  system.  Mui 
care  should  be  taken  to  insot' 
good  contact  at  the  terminakif 
cables  used  in  bonding  atouDd 
special  work.  The  foUowitti 
briefly  outlines  the  tests  and  ni 
suits  of  the   Chicago     Board  ofl 


Supervising  Engineers,  1911,  in  t 
method  to  use  in  attaching  such  a 

The  tests  comprised  five  differen 

First     Welded 
under  current  of  ij, 


e  type  of  joint  with  a  con^derable  reduci 
in  the  final  pressure  applied. 

Third.     Welded  connection  in  which  the  cable  is  inclosed 
mold  containing  an  oversow  chamber  and  clamped  against 
freshly  cleaned  web  of  the  rail.     Especially  pr^ared  copper 
poured  into  this  mold. 


ictioj 
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Fourth.  Bolted  type  terminal  (Fig.  62)  constructed  especially 
for  this  experimental  work  and  so  designed  that  the  thickness  of 
copper  and  the  length  of  iron  bolt  are  inversely  proportional  to  the 
expansion  coefficients  of  copper  and  iron,  so  that  the  changes  in 
temperature  will  not  tend  to  loosen  the  connection.  This  type 
was  tested  under  varying  compressions  with  both  increasing  and 
decreasing  loads  and  plain  as  well  as  amalgamated  surface. 

Fifth.  A  multiple-pin  type  terminal,  which  was  made  up  from 
standard  bond  terminals. 

An  analysis  of  the  general  results  of  the  tests  indicates: 

First.  A  very  large  improvement  in  the  conductivity — over  50 
per  cent. — of  Type  i,  by  reducing  the  final  compression  as  noted 
under  the  description  of  Type  2. 

Second.  Under  a  pressure  of  about  75,000  lb.  or  50,000  lb.  per 
square  inch  the  improvement  in  conductivity  practically  ceases. 

Third.  Bolted  tjrpe  terminals  show  ten  to  fifteen  times  greater 
unit  conductivity  than  either  of  the  welded  type  terminals  and  at 
about  one-half  the  cost  per  terminal. 

Fourth.  The  cable  weld  (Fig.  62)  showed  the  greatest  mechan- 
ical strength — 13,200  lb.  shear  per  square  inch  of  contact. 

Fifth.  A  bolted  type  terminal  can  be  developed  which  will  be 
suitable  for  installation  in  limited  numbers,  while  for  a  large  number 
of  connections  the  cable  weld  is  most  desirable  on  account  of  its 
higher  mechanical  strength  and  conductivity  at  lower  cost. 

As  a  result  of  these  tests  it  was  decided  to  adopt  the  electrically 
welded  terminal  as  the  standard.  This  standard  is  now  in  force 
on  the  lines  of  the  Chicago  City  and  Chicago  Railways  companies. 

Code  of  Bonding  Precautions.  To  insure  proper  attention  to 
details  essential  to  proper  bonding  the  bonding  department  should 
be  provided  with  a  code  of  boncQng  precautions.  The  following 
is  an  example  of  such  a  code  by  Mr.  Howard  H.  George,  Electric 
Railway  Journal,  1914,  for  the  mstallation  of  pin  terminal  bonds. 

X.  Every  roadmaster  and  foreman  should  see  that  one  or  more  men  in 
each  gang  are  taup;ht  the  proper  way  of  installing  bonds,  and  should  be 
«ure  that  any  bonding  done  thereafter  is  performed  by  these  men. 

2.  When  renewing  rail  or  joint  plates  on  single  track  in  operation,  care 
should  be  taken  not  to  open  or  disconnect  both  rails  at  the  same  time,  as 
this  would  open  the  return  circuit  by  which  the  current  returns  from  the 
cars  to  the  power  house.  When  it  is  absolutely  necessary  to  open  both  rails, 
a  long  copper  jumper  should  be  installed  to  connect  the  open  ends  so  that 
the  path  of  the  return  circuit  shall  not  be  interrupted.  This  applies  more 
particularly  to  road  ends  and  interurban  lines. 

3-  Whenever  any  track  is  opened  up  and  any  ground  wires  for  electric 
ugnts,  lightning  arresters,  or  other  electrical  apparatus  which  should  be 
connected  to  the  rail,  are  found  disconnected,  tney  should  be  reported  at 
once  to  the  bond  inspector  or  distribution  department,  so  that  they  may  be 
repaired  before  the  track  is  closed  up.  This  is  very  important  and  should 
receive  careful  attention. 

4.  No  bond  holes  should  be  drilled  until  just  before  the  bonds  are  ready 
to  DC  put  in.  There  are,  of  course,  times  when  it  is  desirous  to  have  the 
noles  drilled  before  the  rail  is  placed  on  the  ties.  When  this  occurs,  it  is 
necessary  to  place  a  tight-fitting  plug  in  the  hole  as  soon  as  it  is  drilled  to 
jvoid  any  possible  introduction  of  moisture.  To  drill  a  hole  a  day  or  two 
before  and  not  protect  it  from  moisture  means  a  film  of  rust  in  the  hole, 
which  will  greatly  increase  the  resistance  of  the  joint. 

S*.  Old  bonds  should  never  be  used  again  because  they  become  battered 
ttp  in  driving  them  out.  Then,  when  they  are  put  in  again  they  will  not 
make  good  contact  with  the  rail,  which  means  a  poor  bond.     Where  a  bond 
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is  removed  from  the  rail  it  is  not  advisable  to  use  the  same  hole  in  putting 
in  a  new  bond,  unless  some  precautionary  methods  are  used.  The  proper 
way  is  to  drill  a  new  hole,  but  as  this  is  not  allowable  in  some  types  of  raik 
ream  out  the  old  hole  and  use  a  bond  with  a  special  large  sized  terminal. 

6.  Great  care  should  be  taken  with  the  drills  used  in  making  bond  holes. 
If  an  improperljr  ground  drill  is  used  the  hole  will  be  irregular  and  oval 
shaped,  tnus  giving  a  poor  contact  between  the  terminal  and  the  rail.  AH 
dull  and  broken  drills  snould  be  carefully  boxed,  labeled  and  sent  to  the  shop 
to  be  reground,  where  the  company  has  installed  a  .special  machine  for  the 
purpose  to  do  the  work  perfectly  and  at  much  less  expense  than  could 
possibly  be  done  by  hand. 

7.  In  drilling  bond  holes  never  use  oil  to  lubricate  the  drills.  It  is  better 
not  to  use  anything,  but  where  it  is  absolutely  necessary  to  use  a  lubricant, 
nothing  more  than  a  soda  solution  should  be  employed. 

8.  Holes,  after  being  drilled,  should  be  carefully  cleaned  of  any  chips, 
and  wiped  dry  of  any  solution  that  may  have  been  used  to  lubricate  the  driUs. 
The  holes  must  have  a  smooth  and  dry  surface  so  that  the  bond  terminal 
will  make  a  good  contact  all  around. 

9.  With  a  proper-sized  hole,  the  bond  terminal  will  make  a  very  snag 
fit,  not  small  enough  to  have  to  be  driven  with  a  heavy  maul  nor  large  enonjgh 
to  be  put  in  easily  with  the  hands.  It  should  require  a  couple  of  taps  with 
a  hammer  weighing  about  3  lb.  With  a  heavy  hammer  or  spike  maul,  the 
head  of  the  bond  terminal  is  very  likely  to  be  battered,  and  the  taper  punch 
struck  on  the  slant,  causing  it  to  split  and  bend  the  terminal. 

xo.  After  the  bond  terminals  are  in  position,  always  drive  the  long  steel 
taper  punch  entirely  through  the  terminal,  taking  care  to  strike  the  punch 
squarely  on  the  head.  The  small  end  of  this  punch  should  be  dipped  in  some 
kind  of  heavy  grease,  such  as  track  grease,  just  before  it  is  driven  through 
each  terminal.  The  grease  will  lubricate  the  sides  of  the  punch,  therebr 
expanding  the  terminus  and  not  drawing  the  copper  with  the  punch. 

II.  Drive  into  each  of  the  expanded  terminals  one  of  the  short  drift  piK 
thus  expanding  the  copper  a  little  more.  This  pin  should  be  driven  in  v0 
it  is  just  flush  with  the  head  of  the  bond  terminal. 

13.  The  bond  should  then  be  shaped  by  straightening  out  the  bond  coo- 
ductors,  and  forming  them  so  that  they  will  not  be  cut  by  either  the  track 
bolts  or  the  splice  bars.  If  it  is  a  36-in.  bond,  it  should  be  so  shaped  that  it 
will  in  no  way  interfere  with  the  removal  of  the  splice  bars. 

13.  The. bond,  and  particularly  the  bond  terminals  on  both  sides  of  the 
rail,  are  to  be  painted  with  some  good  weatherproof  paint,  care  being  taken 
to  see  that  the  paint  fills  the  space  back  of  the  terminal  heads. 

Eoonomic  Replacement  of  Bonds.  The  length  of  life  of  a  rail 
bond  in  place  may  be  anything  up  to  the  length  of  life  of  the  rails 
it  connects,  depending  upon  the  degree  of  perfection  of  the  installa- 
tion and  the  condition  and  care  of  track.  The  life  of  a  bond  may 
terminate  at  actual  breakage  or  at  the  point  at  which  its  resistance 
becomes  such  that  the  voltage  drop  becomes  too  great  or  the  saving 
of  energy  brought  about  by  its  renewal  will  justify  the  total  cost  of 
such  renewal.  The  chart,  Fig.  63,  gives  a  method  of  determining 
the  resistance  of  a  bond  in  terms  of  feet  of  adjacent  rail  at  which 
a  bond  should  be  renewed,  considering  financial  economy  only. 
It  shows  the  increase  in  resistance  over  that  of  a  well-bonded  joint 
at  which  the  energy  saving  amortizes  the  cost  pf  replacement  in  a 
given  number  of  years.  The  use  of  the  chart  is  explained  by  the 
following  example,  solution  of  which  is  shown  by  the  dotted  lines 
on  Fig.  63:  R.m.s.  current  in  track,  450  amperes;  weight  of  rail, 
90  lb.  per  yard;  cost  of  energy  saved,  $0.0025  per  kw.-hr.;  cost  of 
bond  renewal,  $2.00  per  bond;  estimated  life  of  bond,  7  years; 
^interest,  5  per  cent.  Chart  shows  that  joints  in  this  case  should 
be  rebonded  when  resistance  is  (approximately)  27.6  ft.  of  rail  mor$ 
than  resistance  of  newly  bonded  joint. 

Bond  Testing.    An  inspection  to  determine  the  condition  of  the 
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Joint  between  bond  terminal  and  shank  may  be  made  by  sectioning 
the  tenoinaU  in  various  planes,  polishing  the  cut  surfaces  with  a 
ina  JO  i»»a  wB[«tiitra 


ij. 


■iKWth  file,  emery,  and  crocus  to  remove  all  burrs,  and  then  etching 
with  a  mixture  of  strong  sulphuric  and  nitric  adds,  when  the  de- 
icctive  wdds  will  show  as  fise  black  lines,  and  the  actual  welds  and 
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the  fonn  of  the  various  component  parts  of  the  bond  at  that  surface 
can  be  traced  by  the  different  colors  of  the  metal  after  etching. 

Bonded  Joint  Testing.  Joints  should  be  tested  immediately 
after  installation  of  bonds.  At  this  time  compressed  or  expandd 
termini  bonds  should  be  tested  for  electrical  resistance,  and 
soldered,  brazed  and  welded  bonds  should  be  subjected  to  both 
hammer  and  electrical  resistance  tests.  Throughout  the  life  of 
the  bonds,  joints  should  be  kept  under  inspection  to  a  degree 
depending  upon  the  condition  and  character  of  the  roadbed,  the 
intensity  of  traffic,  the  cost  of  energy,  danger  from  electrolysis, 
and  the  voltage  drop  allowable  for  good  operation  or  permitted  by 
local  ordinance.  There  are  two  general  methods  of  testing  bonds: 
one,  an  aggregate  test,  is  a  test  to  determine  the  resistance  of  a  whole 
section  of  track,  thereby  giving  a  general  idea  of  its  condition;  tk 
other  is  an  individual  test  of  each  joint  in  the  track. 

Aggregate  Test  of  Return  Circuit.  (See  ''Determination  of 
Potential  Drop  in  Rails,"  page  722.) 

Individual  Joint  Bond  Testing.  An  individual  test  is  necessary 
to  determine  the  exact  condition  of  the  individual  bonds.  Many 
methods  and  various  types  of  apparatus  have  been  devised  for 
such  testing.  The  resistance  of  the  bonded  joint  is  generally  com- 
pared with  the  resistance  of  adjacent  rail  by  comparing  the  voltage 
drops  across  this  joint  and  in  the  rail,  accompanying  the  flow  d 
current  through  joint  and  rail. 

General  Classification  of  Bond  Testing  Apparatus : 

Hand  instruments 
One-man  instruments 
Sight 

Double  millivoltmeters 
Roller  direct  reading 

Standard  for  returns  with  40-50  amperes 
High  sensibility  type  using  battery  impressed  lo-ia  amperes 
Sound 
Conant 
Crown      • 
Two-man  instruments 
Sight 

Differential  millivoltmeter,  balanced  by  measuring  adjacent  nS 

with  steel  tape 
Double  millivoltmeter,  balanced  in  same  manner 
Test  Cars 

Two  classes  of  propulsion 
Self-propelled 
Trailer 
Two  classes  current  through  joints 

Circulation  from  low- voltage  motor  generator  set 
Resistance  and  propelling  current 
Four  classes  indication 

Automatic  recording  and  marking 
Automatic  signaling  and  marking 
Automatic  signaling  and  hand  marking 
Indicating  and  hand  marking. 

Typical   EEand   Bond  Testing   Instruments.    The  instrumc 

consists  essentially  of  two  parts:  first,  a  folding  framework  fittc 
with  three  steel  rail  contacts  3  ft.  apart  as  shown  in  Fig.  64; 
second,  a  standard  differential  voltmeter  controlled  by  a  two-i 
switch  (in  the  circuit  through  the  unjointed  rail).    As  shown 
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Fig.  64. — Contact  frame  for  band  bond  tasting, 
■ail  between  the  center  and  the  other  outer  tenninal.     I£  the  volt- 
neter  reading  indicates  a  joint  conductivity  of  100  per  cent,  or 
iver,   this   is   the   only 
ibservation      required, 
f   less    than    100   per 
»nt.,  the  voltmeter  is 
nnnected    up   with  a 
letachableprodby 
Thich  contact  is  made 


-Dsflectometer 


r  --nts 

■long  the  tail  until  a 
lalance  appears  on  the 
lifferenlial  voltmeter, 
Hie  conductivity  of  the 
rint  may  be  then  com- 
lUted  from  the  relative 
ail  distances  included 
«tweeii  points.  An 
verage  of  about  aoo 
Mnts  may  be  tested  in 
day  of  8  hours  on  a 
lirly  free  track,  which 
orreaponds  to  slightly 
ver  a  mile  of  single 
»ck  a  day  per  man. 


The  s 


AHnnd  DirsDtiDn 


ections  of  another  typ-    ' 

ad   hand   bond   tester  „,„„„„„» 

Jie    Roller    Smith)    is  p,,;.  6;.— Hand  bond-testing  circuits. 

Mwn  in  Fig.    65.     It 

insists  of  aT-shaped  bar,  Csimilar  to  that  shown  in  Fig.  64,  upon 

hichthreecontactsare  mounted,  and  connected  with  the  electrical 
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mechanism  as  shown.  The  contacts  are  made  of  short  pieces  of  hack- 
saw blades  held  in  damps.  By  rocking  the  handle  H  of  the  bar  at 
right  angles  to  the  rails  the  blades  saw  through  the  dirt  and  scale  on 
the  r^s  and  insure  good  contacts.  The  principle  of  operation  is 
that  of  the  Wheatstone  bridge.  By  turning  the  handle  K  the 
resistance  of  the  two  legs  of  the  circuit  is  varied.  The  indicator 
attached  to  the  handle  K  moves  around  a  scale  which  is  so 
graduated  as  to  read  directly  the  resistance  of  the  section  con- 
taining the  bond  in  terms  of  the  resistance  of  unbroken  rail  when 
the  needle  deflection  is  zero. 

Bond  Test  Car.  A  test  car  makes  possible  a  rapid  and  complete 
report  of  the  entire  track  by  making  a  continuous  record  of  trad 
condition  and  location  as  the  car  proceeds  at  a  speed  of  8  or  lo 
miles  per  hour.  As  a  motor-generator  set  may  be  carried,  its 
operation  may  be  independent  of  the  current  in  the  track  due  io 
ordinary  traffic  and  it  may  be  operated  where  traffic  conditioiis 
are  such  as  to  make  hand  bond  testing  highly  difficult  or  impo^ibfe- 
Tests  may  be  made  by  it  with  great  rapidity,  thus  affording  knovl- 
edge  of  the  true  condition  and  location  of  bonds  of  a  whole  system 
in  a  very  short  time. 

Electrolysis 

The  electrolytic  corrosion  of  earthed  metallic  conductors  pro- 
ceeds at  a  rate  dependent  upon  the  rate  of  flow  of  the  current  whick 
leaves  the  metallic  conductor  for  the  earth. 

Theoretical  Rate.  With  an  oxidizing  anode  the  weight  of  anodt 
corroded  by  i  ampere  in  i  second  is  equal  to  the  electco-chen* 
ical  equivalent  of  the  metal  of.  the  anode.  The  amount  of  melal 
(pounds)  corroded  by  i  ampere  in  i  year  is  equal  to  tifi 
electro-chemical  equivalent  of  the  metal  (grams)  multiplied  bf 
60  X  60  X  24  X  365  X  0.0022046,  the  latter  figure  being  the  coa- 
version  factor  between  grams  and  pounds.  The  product  of  that 
factors  is  69,524,  which  may  be  termed  the  conversion  factor  b(> 
tween  the  electro-chemical  equivalent  of  a  metal,  as  usually  e» 
pressed  in  grams,  and  the  theoretical  amount  of  such  metal,  % 
pounds,  which  would  be  corroded  by  the  electrolytic  action  of  i 
ampere  in  i  year.    The  values  are  as  follows: 


1 

Metal 

Electro-chemical 
equivalent,  grams 

Corroded    by    i 
ampere  in  i  year, 
pounds 

Iron  (ferrous)   

0.0002895 
0.0010718 

20. 1 
74.5 

Lead 

Variations  from  Theoretical  Rate.    In  a  paper  on  dectnd; 
corrosion   (Trans.   A.I.E.E.,   1913),  McCoUum  and  Logan 
results  of  some  very  extended  studies  by  the  U.  S.  Bureau  of  S 
ards  on  the  variations  from  the  above  theoretical  rate, 
of  their  conclusions  are  as  follows,  their  term  "efficiency  of 
sion"  being  based  on  the  above  theoretical  rate  as  100  per 
They  state  that  the  current  density  has  a  marked  effect  on 
corrosion  of  iron  in  soils,  the  efficiency  of  corrosion  being  in 
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nater  as  the  current  density  is  lower.  In  saturated  soil  the  cor- 
iBKMi  may  vary  between  20  and  140  per  cent,  for  a  range  of  cur- 
Bt  density  varying  from  about  5  to  0.05  milli-amperes  per  square 
altimeter.  Moisture  content  has  also  a  marked  effect  on  effi- 
cacy of  corrosion,  it  being  in  general  greater  with  increased 
i<»sture  content  up  to  saturation  of  soil.  Temperature  changes 
itfain  the  limits  commonly  encountered  in  general  practice  have 
>  marked  effect  on  corrosion  efficiency,  nei&er  has  the  depth  of 
irial  of  pipes,  other  conditions  remaining  constant.  The  amount 
\  ox3rgen  present  has  no  appreciable  effect  on  the  efficiency  of 
mosioa  in  the  case  of  iron  immersed  in  liquid  electrolyte,  but  it 
is  a  marked  effect  on  the  end  products  of  corrosion.  If  the 
arosioa  is  rapid  and  supply  of  oxygen  small,  there  will  be  a  pre- 
mderance  of  magnetic  oxide,  while  if  the  rate  of  corrosion  is  low 
id  the  supply  of  oxygen  abundiint,  the  ferric  oxide  will  pre- 
iminate.  Owing  to  the  fact  that  the  supply  of  oxygen  around 
pes  buried  in  earth  is  always  more  o*r  less  limited,  the  character 

the  oxides  formed  gives  some  indication  as  to  the  rate  of  cor- 
idon,  and  thus  indirectly  as  to  the  cause  of  the  corrosion  if  local 
mditions  are  properly  considered.  The  efficiency  of  corrosion  was 
und  not  to  be  a  function  of  the  voltage,  except  in  so  far  as  the 
trrent  density  may  be  affected.  Voltages  as  low  as  o.i  to  0.6 
it  showed  practically  the  same  efficiency  of  corrosion  as  5  to 
i"  volts  or  higher.  Corrosion  tests  on  a  large  number  of  different 
lids  oi  soil  from  widely  different  sources  with  average  moisture 
btent  and  current  density  indicated  that  corrosion  efficiency 
itween  50  to  no  per  cent,  may  usually  be  expected  under  most 
acticai  conditions. 

Resistance  of  Soils.  With  a  given  potential  difference  between 
TO  earthed  metallic  structures,  the  amount  of  current  which  will 
>w  between  them  is  dependent  not  only  on  the  contact  resistance 
it  also  upon  the  resistance  of  the  soil.  Relative  to  the  latter, 
cCoUum  and  Logan  state  that  the  resistance  of  soils  varies 
Eoughout  a  very  wide  range  with  variations  in  moisture  content, 
e  resistance  of  the  comparatively  dry  soil  being  of  the  order  of 
ireral  hundred  times  the  resistance  of  the  same  soil  at  about 
turation.  Above  saturation  increase  in  moisture  content  has 
it  little  effect  on  the  resistance  of  the  soil.  The  resistance  of  the 
il  varies  greatly  with  temperature  within  the  ordinary  range 
countered  in  practice.  In  the  case  of  the  soils  tested  the  resist- 
ce  at  18  deg.  below  zero  C.  was  over  two  hundred  times  as  great 

at  18  deg.  above  zero  C.  Even  at  about  freezing  temperature 
e  resistance  will  be  several  times  that  at  summer  temperatures. 
lis  has  an  important  bearing  on  the  magnitude  of  the  electrolysis 
JMtble  that  may  occur  at  different  seasons  and  also  indicates  that 
lere  practicable  voltage  surveys  should  not  be  made  when  ex- 
imely  low  temperatures  prevaU.  These  authors  give  a  table  of 
t  specific  resistance  of  soils  as  found  in  Philadelphia,  Washington, 
[  Louis  and  elsewhere,  showing  it  to  vary  between  the  extremes 
400  ohms  per  cubic  centimeter  for  a  St.  Louis  blue  clay  with 
'per  cent,  moisture,  and  2,340,000  ohms  per  cubic  centimeter  for 
Bshington  air  dry  red  clay  with  4  per  cent,  moisture, 
46 
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Contact  Resistance.  Polarization  and  film  resistances  at  m 
surface  of  the  pipes  may  be  an  important  factor  in  current  flor. 
As  soon  as  an  electromotive  force  is  applied  to  a  buried  pipe  tk 
current  flow  drops  off  rapidly  with  time,  especially  during  the  iat 
few  minutes,  due  to  the  setting  up  of  counter  electromotive  fona 
and  the  formation  of  film  resistances.  McCollum  and  Logan  shot 
the  effective  resistance  as  a  function  of  time  after  the  applicatka 
of  about  6  volts  between  two  short  lengths  of  cast-iron  pip^ 
buried  about  12  ft.  apart.  The  initial  resistance  of  about 
ohms  practically  doubled  within  half  an  hour  after  the  vol 
was  appHed  and  after  that  the  resistance  remained  practii 
constant.  In  this  case  the  effect  of  polarization  and  film 
sistance  was  practically  as  great  as  the  total  soil  resistance  bet 
the  pipes. 

The  character  of  the  electric  reatwaj  roadbed  is  an  im^ 
factor  in  determining  the  extent  of  leakage  of  stray  current 
the  earth.    A  well-drained  rock  or  concrete  roadbed  may  in 
be  expected  to  offer  much  higher  resistance  to  the  leakage  of  c_     , 
than  one  in  which  the  construction  is  such  that  a  large  amount  4 
moisture  is  retained. 

Electrolysis  Tests 

Usual  Polarities.    With  the  common  arrangement  of  conn< 
the  positive  terminal  of  the  railway  generator  to  the  trolley  ad^ 
negative  to  the  rails,  the  general  path  of  stray  currents  is  fa* 


KtT 

>  StiMt  B«Uir»7  Traokt 
Wttor  Maina  PosidTt  to  iUQi 
■  Water  tUbu  Nagattw  to  Baito 


Fig.  66, — Sample  potential  survey. 

the  rails  through  earth  to  pipes  or  cable  sheaths  at  places  disU 
from  the  power  station,  through  the  pipes  or  cable  sheaths 
from  these  through  the  earth  back  to  the  rails  or  other  return 
ductors  in  the  vicinity  of  the  power  station.  Where  current  t 
to  flow  from  the  rail  to  a  buried  pipe  or  cable  sheath  the  rail 
a  positive  potential  with  reference  to  the  buried  conductor  w 
is  negative.  This  is  generally  known  as  the  negative  distri 
Where  current  tends  to  flow  from  a  buried  conductor  to  the 
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the  buried  conductor  has  a  positive  potential  with  reference  to  the 
rail,  and  this  is  usually  known  as  the  positive  district.  The  inter- 
mediate district  where  the  potentials  may  shift  from  positive  to 
negative  is  sometimes  called  the  neutral  district. 

Potential  Survey.  As  the  polarity  of  the  earthed  conductor  is 
mdicative  of  the  tendency  of  current  to  flow,  and  electrolytic  cor- 
rosion only  takes  place  where  current  leaves  the  current  conductor 
for  earth,  the  first  set  of  tests  is  generally  a  set  of  potential  readings 
and  is  called  potential  survey.  It  is  permissible  and  the  usual 
practice  to  use  hydrants  or  service  connections  for  a  contact  to 
underground  piping  system.  These  readings  are  usually  made 
with  a  low-reading  voltmeter,  preferably  with  the  zero  indication 
in  the  center  of  the  scale,  and  readings  are  taken  in  a  large  number 
of  places  throughout  the  system  between  the  rails  and  the  buried 
conductors  (pipes  or  cable  sheaths).  The  voltmeter  used  should 
preferably  have  a  high  resistance  to  minimize  the  effect  of  accidental 
poor  contact.  A  Weston  high  resistance  zero  center  voltmeter 
with  ranges  of  1.5,  15  and  150  volts  is  a  very  satisfactory  instru- 
ment. Readings  should  be  taken  at  intervals  of  a  few  seconds  for 
several  minutes  at  each  point  and  notation  made  of  the  location 
and  of  the  maximum,  minimum  and  average  readings.  It  is  de- 
sirable to  plot  these  potential  readings  graphically  on  a  map  similar 
to  Fig.  66,  where  the  differences  of  potential  between  city  water 
mains  and  street  railway  tracks  are  shown  graphically  plotted  with 
the  latter  as  a  base  line.  It  is  also  desirable  to  show  on  this  map 
the  size  and  location  of  the  various  pipe  systems.  A  more  detailed 
map  of  this  character  is  shown  in  Fig.  67  which  is  an  actual  potential 
survey  in  the  Grand  Avenue  substation  district  of  the  Chicago  Rail- 
ways Company.  This  figure  is  reproduced  from  the  Fourth  Annual 
Report  of  the  Board  of  Supervising  Engineers,  Chicago  Traction. 

Potential  Readings  Merely  Indicative.  It  should  be  remembered 
always  that  the  potential  difference  between  pipes  and  rails,  even 
if  large,  is  not  conclusive  evidence  of  stray  currents,  but  is  only 
an  indication  of  the  points  at  which  current  may  be  flowing  from 
rails  to  pipes  or  from  pipes  to  rails  or  between  other  conductors. 
In  fact,  a  high  potential  reading  is  generally  an  indication  of  high 
earth  resistance  and  consequently  a  small  current  flow  rather  than 
of  a  large  current  flow. 

Direction  and  Relative  Magnitude  of  Current  Flow  in  Under- 
ground Conductors.  Tests  to  determine  the  direction  of  current  flow 
in  underground  conductors  may  be  made  by  measuring  potential 
differences  between  two  points  in  the  underground  conductor. 
A  zero  center  Weston  miUi-voltmeter  with  scales  of  10  and  100 
millivolts  is  a  satisfactory  instrument  for  this  test  and  connections 
may  be  made  to  the  cable  sheath  in  two  adjacent  manholes  or  on 
the  piping  system  between  hydrants  or  service  connections  100  or 
200  ft.  apart.  These  readings  which  are  clearly  indicative  of  the 
direction  of  current  flow  may  be  used  in  the  calculation  of  the 
amount  of  current  flow  in  the  case  of  cable  sheaths  where  the 
resistance  per  foot  can  be  quite  accurately  known  and  is  not 
seriously  affected  by  joint  resistances.  In  the  case  of  pipes,  how- 
ever, such  readings  can  only  be  used  as  an  indication  of  the  relative 
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magnitude  of  currents  because,  especially  in  the  case  of  the  ball 
and  S{Mgot  joint  usually  used  in  cast-iron  pipes,  the  resistances  vary 
so  greaUy  that  it  is  not  possible  to  make  any  accurate  assumption 
as  to  the  resistance  of  a  considerable  length  of  pipe,  including  the 
joints. 

Current  Flow  in  Pipes.  In  only  one  way  can  an  accurate  de- 
termination be  made  of  the  current  flow  in  underground  piping 
systems,  this  method  with  its  modifications  being  a  determination 
of  the  potential  drop  in  a  continuous  length  of  pipe  between 
joints,  and  the  application  of  Ohm's  Law,  knowing  the  resistance 
of  the  pipe  between  the  points  of  contact.  Knowing  the  weight 
of  the  pipe  per  foot,  exclusive  of  hubs  or  joints,  the  resistance  per 
foot  may  be  calculated  by  dividing  the  resistance  in  ohms  per 
pound-foot  by  the  weight  per  foot.  The  following  is  a  table  of 
resistances  in  ohms  per  pound-foot  of  various  pipe  materials: 

Cast  iron. 0.00144    ohm  per  pound-foot 

Wrought  iron o. 000181  ohm  per  pound-foot 

Steel o. 00021    ohm  per  pound-foot 

Lead o .  00048    ohm  per  potind-foot 

A  table  showing  the  resistance  per  foot  of  various  sizes  and 
weights  of  American  Water  Works  Association  cast-iron  pipe, 
American  Gas  Institute  standard  cast-iron  pipe,  standard  wrought t- 
iron  pipe  and  standard  pipe  steel  is  shown  (pp.  710  et  seq.)  in  order 
to  simplify  these  calculations.  In  making  these  current  measure- 
;  ments,  it  is  necessary  to  have  a  perfect  metallic  contact  between 
the  pipe  and  the  milli-voltmeter  leads,  and  it  is  therefore  neces- 
sary to  expose  the  pipe  where  current  measurements  are  to  be 
made.  The  best  contact  is  obtained  by  soldering  the  leads  directly 
to  the  pipe,  especially  where  readings  are  to  be  taken  over  a  con- 
aderable  period  of  time.  It  is  sometimes  convenient  to  carry 
these  milli-voltmeter  leads  as  rubber-covered  wires  through  a 
conduit  to  a  box  at  the  curb  so  that  later  readings  may  be  taken 
conveniently.  In  such  cases  it  is  necessary  to  have  a  calibration 
of  the  milli-voltmeter  including  such  leads. 

Where  measurements  are  to  be  made  in  a  pipe,  the  weight  or 
resistance  of  which  is  not  definitely  known,  and  it  is  required  that 
the  determination  of  current  be  made  with  accuracy,  a  determina- 
tion of  the  resistance  and  current  may  be  made  by  one  of  the 
methods  described  by  Dr.  Carl  Hering  (Trans.  A.I.E.E.,  191 2) 

foUows: 


Pig.  6%, — Determination  of  current  flow  in  pipes. 

The  fundamental  principle  is  as  follows.    Let  P,  Fig.  68,  be  a 
part  of  an  underground  pipe  which  has  been  uncovered  and  through 
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Table    for   Determination   of   Current    Flow    on   Piping 
FROM  Millivolt  Drop  along  Continuous  Length     • 
OP  Pipe  between  Joints 


L 

E 
K 
KE 

L 


Distance  between  contacts  in  feet 
Instrument  reading  in  millivolts 
Constant  from  table 

Current  flow  in  amperes. 


Standard  Cast-iron  Pipe 
(Based  on  Resistance  of  0.00144  o^ui^  P^^  Ib.-ft.) 


Nomi- 
nal 
diam- 
eter, 
inches 

4 
4 
4 

4 
4 
4 

4 
4 
4 
4 
4 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 

8 
8 
8 

8 
8 
8 


Classification 


•Asso- 
ciation 
stan- 
dard 


Class 

letter 

t 


Head, 
feet 


Pressure. 
lb.  i^r 
sq.  in. 


Actual 
dimensions 


Out- 
side 
diam- 
eter, 
inches 


Inside 
diam- 
eter, 
inches 


Weight 

per  ft. 

exclu- 
sive 
of 

hub- 
lb. 


N 
N 
N 

G 
W 

N 

N 
W 
N 
W 
W 

N 
N 
G 

W 
N 
W 

N 
W 

N 

W 
W 

w 

w 
w 

N 
G 
W 

N 
W 

N 


A 
C 
E 


A 
G 

I 

B 

K 

C 

D 

A 
C 


100 


A 
E 
B 

G 
C 
I 

D 
E 
P 

G 
H 

A 

A 


C 
B 

E 


200 


300 
400 


100 


200 


43 


86 


130 

173 


43 


86 


300 

130" 

400 
soo 
600 

173 
217 
260 

700 
800 

304 

347 

100 


200 


43 


86 


4.80 
4.80 
4.80 

*4.i3 

4.08 
4.02 

14.9 
IS.  7 
16.9 

4.80 

4. So 

s.oo 

4.00 

3.96 

4.16 

17.2 
18.0 
18.9 

s.oo 
s.oo 
s.oo 
S.oo 
S.oo 

4.10 
4.10 

4.04 
4.0A 

3.96 

20.0 
20.0 
21.3 
21.3 
22.8 

6.90 
6.90 
6.90 

6.14 

6.06 

6.04 

24.3 
20.7 

27.2 

6.90 
6.90 
7.10 

6.02 

S.98 

6.14 

27.8 
29.  I 
31. I 

7.10 
7. 10 
7.10 

6.10 
6.08 
6.02 

32.4 
32.9 
34.8 

7.10 
7.22 
7.22 

6.00 
6.06 
6.00 

3S.3 

37.7 
39.6 

7.38 
7.38 

6.08 
6.00 

42.8 
4S.2 

9.0s 
9  OS 
9.0s 

8.21 
8. IS 
8.13 

3S.5 
37.9 
38.7 

9.0s 
9.0s 
90s 

8.09 
8.03 

7.99 

40.3 
42.7 
44.3 

K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuOTS 

pipe— 

amperes 


10 
10 

II 


3 
9 

.7 


12.0 
12. 5 
13.1 

13  9 

14. 8 
14.8 
IS. 8 

16.9 
18. S 
18.9 

19  3 
20.2 

21.6 

22.5 
22.8 
24.2 

24.  S 
26.2 

274 

29.7 
314 


»4.7 
to. 3 


2i 

26.3 

26.9 


28.0 
29-6 
30.7 


•W  =  American  Water  Works  Association  Standard 
N   =  New  England  Water  Works  Association  Standard 
G    =»  American  Gas  Institute  Standard, 
t  As  used  by  the  American  Water  Works  Association  and  the  New  Bnglaad 
Water  Works  Association. 
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Standard  Cast-iron  Pipe. — Continued 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 


•Asso- 
ciation 
stan- 
dard 


W 

N 
W 

N 
W 
W 

w 
w 

N 
G 

N 

W 

N 
N 

W 

N 
W 

N 
N 
W 

N 
W 
W 

w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
W 

N 
N 
W 

N 
W 
W 


Class 

letter 

t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  la. 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weight 
per  ft. 
exclu- 
sive 
of 
hub — 
lb. 


C 
G 
D 

I 
E 
F 

G 
H 

A 

B 

A 
C 

D 

B 
E 
C 

F 
G 
D 

H 
E 
P 

G 
H 


B 


A 
C 
D 

B 

E 
C 

P 
G 
D 

H 
E 

F 


300 


400 


500 
600 

700 
800 


100 


200 
300 


400 


500 
600 

700 
800 


100 


200 


300 


400 


500 
600 


130 

173 


217 
260 

304 

347 


43 


86 
130 


173 


217 
260 

304 

347 


43 


86 


130 


173 


217 
260 


9.30 
9.30 
9.30 

8.18 
8.14 
8.10 

47.9 
49.6 
51. 2 

9.30 
9.42 
9.42 

8.04 
8.10 
8.00 

53.6 
56.7 
60.6 

9.60 
9.60 

8.10 
8.00 

65.6 
69.0 

11. 10 

II. 10 
II. 10 

10. 16 
10. 12 
10.10 

,    49.0 
51.0 
51.9 

II.  10 
II. 10 
II.  10 

10.10 

10.04 

9.98 

51.9 
54-9 
57.9 

II. 10 

11.40 
11.40 

9.96 
10.20 
10.16 

S8.9 
63.6 

65. 5 

11.40 
11.40 
11.40 

10.14 
10.06 
10.04 

66.5 

70.  s 

71. 5 

11.40 
11.60 
11.60 

10.00 
10. 12 
10.00 

73.  S 

78.7 
84.6 

11.84 
11.84 

10.12 
10.00 

92.4 
98.5 

13.20 
13.20 
13.20 

12.22 
12.14 
12.12 

61. 1 

65.9 
67.0 

13.20 
13.20 
13.20 

12.12 
12.06 
11.98 

67.0 
70.6 
75.3 

13.20 
13  so 

13.50 

11.96 
12.20 

12. 14 

76.4 
81.9 
85.5 

13. so 

13.50 

13  so 

12.12 
12.04 
12.00 

86.6 

91.5 
93.8 

13.50 
13.78 
13.78 

11.96 
12.14 
12.00 

96.2 
104.0 
112. 0 

K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 
pipe- 
amperes 


33.3 
34.  5 
35.5 

37.2 

39.4 
42.1 

45-1 
48.0 

34.0 

35.4 
36.1 

36.1 
38.1 
40.2 

40.9 
44-1 

45.  S 

46.2 
49- O 
49.7 

SI. I 
54.6 
58.8 

64. 1 
68.4 

42. 5 

45-7 
46.  S 

46. 5 
49.0 

53. 3 

53  0 
56.8 

59. 4 

60.2 
63.6 
65    I 

66.8 
72.3 
77.9 


See  footnotes,  page  710. 
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Standard  Cast-iron  Pipe. — Continued 
(Based  on  Resistance  of  0.00144  ohm  per  lb.-£t.) 


Classification 


Nomi- 
nal 

diam- 
eter, 

inches 


*Asso- 
ciation 
stan- 
dard 


Class 

letter 

t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  m. 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weight 
per  ft. 
exclu- 
sive of 
hub — 
lb. 


K-curreflt 

for  one 

xnilliToh 

drop  pet 

foot  of 

continucMS 

pipe- 

amper« 


13 
12 

14 
14 
14 

14 
14 
14 

14 

14 
14 

14 
14 
14 

14 
14 

14 
14 

16 
16 
16 

16 
16 
16 

16 
16 
x6 

16 
16 
16 

x6 
16 
16 

16 
16 

x8 
18 
18 

x8 
18 
18 


w 

G 

w 

H 

N 

A 

N 

B 

W 

A 

N 

C 

N 

D 

W 

B 

N 

E 

W 

t^ 

N 

P 

N 

G 

W 

D 

N 

H 

W 

E 

W 

F 

w 

G 

w 

H 

N 

A 

N 

B 

W 

A 

G 

N 

C 

N 

D 

W 

B 

N 

E 

N 

F 

W 

C 

N 

G 

W 

D 

N 

H 

W 

E 

W 

F 

w 

G 

w 

H 

N 

A 

N 

B 

W 

A 

N 

C 

N 

D 

W 

B 

700 
800 


100 

43 

300 

86 

300 

130 

400 

173 

Soo 
600 

700 
800 


xoo 


200 


300 


304 

347 


217 
260 

304 

347 


43 


86 


400 


SOO 
600 

700 
800 


100 


200 


130 


173 


217 
260 

304 
347 


43 


86 


14.08 
14.08 

X2.I4 

12.00 

IS. 30 
IS. 30 
IS. 30 

14.24 
14.16 
14.16 

IS. 30 
IS.  30 
IS. 30 

14.08 
13.98 
13.98 

IS.6S 
IS.6S 
IS.6S 

14.2s 

14.17 
14.15 

IS.6S 
IS.6S 
IS.6S 

14.07 
14.01 

13.99 

IS. 98 
IS. 98 

14. x8 
X4.00 

16.32 
16.32 

14.18 
14.00 

17.40 
17.40 
17.40 

16.30 
16.20 
16.20 

17.40 
17.40 
17.40 

16.16 
16.10 
x6.oo 

17.40 
17.80 
17.80 

16.00 
16.30 
16.20 

17.80 
17.80 
17.80 

16.20 
16.10 
16.02 

17.80 

18.16 
18.16 

16.00 
16.20 
16.00 

18. S4 
18.  S4 

16.18 
16.00 

19.2s 

18. II 

19.2s 
19.  SO 

17.99 
18.22 

19.  SO 
19.50 
19.  SO 

X8.I2 

18.00 
18.00 

125. 
133. 

76.8 
82.3 
82.3 

87.9 
94.8 

94-8 

X03. 
X08. 
109. 

IIS. 
119. 

I2X. 

133. 

145. 

160. 

172. 

90.9 
98.9 
98.9 

102. 
107. 
IIS. 

US. 

I2S. 
133. 

133. 
141. 

147. 
149. 

i6s. 
181. 

201. 
215. 

104. 

IIS. 
X18. 

127. 
138. 
X38. 


86.7 
92.4 

53-4 

57. 1 
57.1 

61.0 
6s.6 
6s. 8 

71.4 
7S.0 
76.2 

80.0 
83.S 
83.P 

9>-4 

lOI. 

III. 
120. 

63.1 
68.6 
68.6 

70.7 

74-1 
79.6 

79.6 
87.1 
92.6 

92.6 

98.3 

102.3 

103.  S 
114. 5 
125.  S 

139.5 
149.0 

72.5 
79. "8 
8a.  a 

88.5 
95.8 
95.8 


See  footnotes,  page  710. 
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Classification 


•Asso- 
ciation 
stan- 
dard 


Class 
letter 

t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  in. 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weight 
per  ft. 
exclu- 
sive of 
hub — 
lb. 


K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 

pipe — 

amperes 


N 
N 
W 

W 

w 
w 

w 
w 

N 
N 

w 

G 

N 
N 

W 

N 
N 

W 
W 

w 

w 
w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
N 

W 

w 

w 
w 

N 
N 
G 


E 
F 
C 

U 
E 
F 

G 
H 

A 
B 
A 


C 
D 

B 

E 
P 

C 
D 
E 

F 
G 
H 

A 
B 


A 
C 

D 

B 
E 
P 

C 
D 

E 
P 

A 
B 


300 

400 
500 
600 

700 
800 


100 


200 


300 
400 
Soo 

600 
700 
800 


100 


130 

173 
217 
260 

304 
347 


43 


86 


130 

173 
217 

260 
304 
347 


200 


300 
400 

500 
600 


43 


86 


130 
173 

217 
260 


19.70 
19.70 
19-92 

19.92 
20.34 
20.34 

20.78 
20.78 

21.30 
21.30 
21.60 

21.60 
21.60 
21.60 

21.60 
21.90 
21.90 

22.06 
22.06 
22.54 

22.54 

23.02 
23 .  02 

25.40 
25.40 
25.80 

25.80 
25.80 
25.80 

25.80 

26. 10 
26.10 

26.32 
26.32 

26.90 
26.90 

31.60 
31.60 

31.74 


18.10 

17.98 

18.18 

18.00 
18.20 
18.00 

18.22 
18.00 

20.10 

19.98 
20.26 

20.24 
20.  16 
20.02 

20.00 
20.20 
20.06 

20.22 
20.00 
20.24 

20.00 
20.24 
20.00 

24.  12 
23.96 
24.28 

24.28 
24.20 
24.04 

24:02 
24.20 
24.04 

24.24 
24.00 

24.28 
24.00 

30 .  18 
29.98 
30.04 


148. 

159. 
162. 

178. 
202. 
220. 

245. 
264. 

122. 

134. 
137. 

140. 

147. 
161. 

163. 
175. 
189. 

191. 
212. 
241. 

265. 
295. 
319. 

156. 

174. 
187. 

187. 
196. 
215. 

217. 
234. 
253. 

258. 
286. 

328. 
362. 

215- 
245. 
257. 


103. 

IIO.4 

113. 

123.8 

140. 5 
152.6 

170. 
183.3 

84.6 

93 

95.4 

97.0 
102.5 
112. 

113. 
122. 

131- 

133. 
148. 

167. 

184. 
205. 
221. 

108. 
121. 
130. 

130. 
136. 
149. 

151. 
163. 
176. 

179. 
198. 

228. 
251. 

149. 
170. 

179. 


See  footnotes,  page  710. 
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Standard  Cast-iron  Pipe. — Contintted 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 


Nomi- 
nal 

diam- 
eter, 

inches 


30 
30 
30 

30 
30 
30 

30 
30 

30 
30 

36 
36 
36 

36 
36 
36 

36 
36 
36 

36 
36 

36 
36 

42 
42 
42 

42 
42 
42 

42 
42 
42 

42 
42 

48 
48 
48 

48 
48 
48 


♦Asso- 
ciation 
stan- 
dard 


W 

N 
N 

W 

N 
N 

W 
W 

w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
W 

N 
W 

w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
N 

W 
W 

N 
N 
N 

G 

W 

N 


Class 

letter 

t 


A 
C 
D 

B 
E 
P 

C 
D 

E 
F 

A 
B 


A 
C 
D 

B 
E 
C 

F 
D 

E 
F 

A 
B 


A 
C 
D 

B 

E 
F 

C 
D 

A 
B 
C 


A 
D 


Head, 
feet 


Pressure, 
lb.  per 
sq.  m. 


100 


200 


300 

400 

500 
600 


100 


200 


300 


400 

500 
600 


100 


200 


300 
400 


100 


43 


86 


130 
173 

217 
260 


43 


86 


130 


173 

217 
260 


43 


86 


130 

173 


43 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
mches 


Weight 
per  ft. 
exclu- 
sive of 
hub- 
lb. 


31.74  29.98 

32.00  30.18 

32.00  29.98 

32.00  29.94 

32.40  30.20 

32.40  30.00 

32.40  30.00 

32.74  30.00 

33- 10  30.00 

33  46  30.00 

37.80  36.22 

37.80  36.00 

37.96  36.06 

37.96  35.98 

38.30  36.26 

38.30  36.04 

38.30  36.00 

J8.70  36.20 

38.70  35.98 

38.70  35.96 

39.16  36.00 

39.60  36.00 

40 .04  36 .  00 

44.00  42.26 

44 .00  42 .  00 

44.20  42.06 

44.20  42.00 

44.50  42.24 

44.50  41.96 

44-50  41.94 

45.10  42.30 

45.10  42.04 

45.10  42.02 

45.58  42.02 

50.20  48.30 

50.20  48.00 

50.80  48.30 

50.50  47.98 

50.50  47.98 

50.80  48.00 


266. 

277. 
306. 

312. 
337. 
367. 

367. 
422. 

479. 
537. 

287. 
326. 

345. 

358. 

373. 
412. 

418. 
459. 

497. 

502. 

S8?. 

666. 
753. 

368. 
422. 
452. 

465. 
480. 
538. 

542. 
600. 

654. 

657. 
763. 

459. 
529. 
608. 

608. 
608. 
678. 


K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 
pipe- 
amperes 


185. 
192. 
213. 

217. 

234. 
25s. 

255. 
392. 

333. 
373. 

199. 
226. 

239. 

248. 

259. 
286. 

290. 
319. 
346. 

349. 
404. 

463. 
523. 

256. 
293. 
314. 

323. 
333. 
374. 

376. 
416. 

454. 

456. 
530. 

3x9. 
367. 
422. 

423. 
432. 
471. 


See  footnotes,  page  710. 
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48 
48 
48 

48 
48 

54 
54 
54 

54 
54 
54 

54 
54 

54 
54 

60 
60 
60 

60 
60 
60 

60 
60 

60 
60 

72 
72 
72 

84 
84 


Standard  Cast-iron  Pipe. — Contint^ed 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 

^  Actual 
dimensions 

Weight 

per  ft. 

exclu- 
sive 
of 

hub- 
lb. 

Nomi- 
nal 
diam- 
eter, 
bches 

•Asso- 
ciation 
stan- 
dard 

Class 

letter 

t 

Head, 
feet 

Pressure, 
lb.  per 
sq.  m. 

Out- 
side 

diam- 
eter, 

inches 

Inside 
diam- 
eter, 
inches 

w 

N 
N 

W 

w 

N 
N 
W 

N 
N 
W 

N 
N 

W 

w 

N 
N 
W 

N 
W 

N 

N 
W 

N 
W 

W 

w 
w 

w 

w 


B 

E 
P 

C 

D 

A 
B 
A 

C 
D 
B 

E 
P 

C 
D 

A 
B 
A 

C 
B 
D 

E 
C 

P 
D 

A 
B 
C 

A 
B 


200 


300 
400 


100 


200 


300 
400 


100 


200 


300 


400 

100 
200 
300 

100 
200 


86 


130 

173 


43 


86 


130 

173 


43 


86 


130 


173 

43 
86 

130 

43 
86 


so.  80 
51.40 
51.40 

SI. 40 
SI. 98 

56.40 
S6.40 
S6.66 

57.10 
57. 10 
57.10 

57.80 
57.80 

57.80 
58.40 


47.96 
48.30 
48.00 

47  98 
48.06 

54-34 
54.00 

53.96 

54.36 
5402 
54.00 

54.26 
54.00 


686. 

757. 
828. 

832. 
961. 

559. 
650. 

731. 

750. 
840. 
845. 

946. 
1 041. 


54.00  1041. 
53.94  1230. 


See  footnotes,  page  710. 


62.60  60.40 
62.60   60.00 


62.80 

63.40 
63.40 
63.40 

64.20 
64.20 

64.20 
64.82 

75.34 
76.00 

76.88 


60.02 


664. 
782. 
836. 


60.40  910, 

60.06  iIOIO, 

60.00  {1028. 

I 

60 .  40  1 160 , 

60.20  ,1220, 

60.00  1 1280. 


60.06 


I4SS 


72.08    1178, 

72.10  ;i4i5 

72.10     1745 


87.54    84.10     1445 
88.54    84.10  ,1878, 


K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 

pipe — 

amperes 


477. 
526. 

575. 

578. 
667. 

388 

452. 

508. 

521. 

583. 
586. 

657. 
723. 

723. 
854- 

460, 

543. 
581. 

632. 
701. 
714. 

806. 
848. 

889. 

lOIO. 

819. 

98J. 

1212. 

1005. 
1304. 
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Standaiu)  Steel  (or  Wrought-Iron)  Pipe 

(Based  on  resistance  of  steel — 0.00021  ohm  per  Ib.-lt.    Based  on 
resistance  of  wrought  iron — o. 00018 1  ohm  per  Ib.-ft.) 


Nominal 
diameter- 
inches 


•Classi- 
fication 


Actual  dimensions 


Outside 
diameter- 
inches 


^  Inside 
diameter- 
inches 


Weight  per 

foot.    Plain 

ends — 

steel — ^Ib. 


K-current  for 
one   millivolt 

drop  per  foot  ol 
^  continuous 

pipe — aini>eres 


Steel 


Wrought 
iron 


H. 


I, 
I. 

X. 


2. 

2. 
2. 


2H. 
2H. 
2^. 


3 
3 
3 


3^. 
3H. 
3H. 


A- 
4- 
4. 


S 
X 

s 

X 

s 

X 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 

s 

X 
XX 


0.405 
0.405 

0.540 
0.540 

0.67s 
0.675 

0.840 
0.840 
0.840 


I 
I 
I 

I 
I 
I 

I, 
I 


050 
050 
.050 

3IS 
3IS 
3IS 

660 
660 
1.660 

1.900 
1.900 
1.900 

2.37s 
a. 375 
2.375 

2.87s 
3.87s 
2.875 

3. 500 
3. 500 
3.500 

4.000 
4.000 
4.000 

4.500 
4  SOO 
4.  500 


0.269 

0.2ZS 

0.364 
0.302 

0.493 
0.423 

0.622 

0.546 
0.252 

0.824 

0.742 
0.434 

1.049 
0.957 
0.599 

1.380 
1.278 
0.896 

1. 610 
1.500 
I.  100 

2.067 
1.939 
1.503 

2.469 
2.323 
1. 771 

3.068 
2.900 
2.300 

3.548 
3.364 
2.728 

4.026 

3.826 
3.152. 


0.244 
0.314 

0.424 
0.535 

0.567 
0.738 

0.850 
1.09 

1. 71 

1. 13 
1.47 
2.44 

1.68 
2.17 
3.66 

2.27 
3.00 
5.21 

2.72 

3.63 
6.41 

3.6s 

5.02 

9.03 

S.79 
7.66 

13.69 

7.57 
10.2 
18.6 

9. XI 

X2.5 
22.8 

10.8 
15.0 

27.5 


X.I6 
X.50 

2.02 
2.5s 

2.70 

3. SI 

4.0s 

5.18 

8.16 

s.38 
7.03 

IX. 6 

7.99 
10.3 

17.4 

10.8 

14.3 
24.8 

12.9 
17. 3 

30. S 


17 
23 
43 

27 
36 
65 


4 

9 

,0 

6 

5 

,2 


36.0 
48.8 
88.5 

43.4 
59.6 

109. 

SI. 4 
71.3 
X3X. 


1.33 
I.7« 

2.30 
3.90 

3.07 
4.00 

4.60 
5.8S 

9.2J 

6. II 
7.0* 
i3.a 

9.09 

II. S 
19.8 

12.3 
16. a 
28.3 

14.7 
19.6 

34-7 

19.8 
27.3 
48.8 

31.4 
41. 5 
74-2 

41. 0 
SS.6 

lOX. 

49.3 
67.8 

124. 

5S.4 

81. X 

149. 


•S 

X 

XX 


Standard  pipe. 
Extra  strong  pipe. 
Double  extra  strong  pipe. 
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Standaiid  Steel   (or  Wrought-iron)   Pipe. — Concluded 

(Based  on  resistance  of  steel — 0.00021  ohm  per  Ib.-ft.    Based  on 
resistance  of  wrought  Iron — o .0001 81  ohm  per  Ib.-ft.) 


Nominal 

diameter — 

indies 


♦Classi- 
fication 


Actual  dimensions 


Outside 
diameter- 
inches 


Inside 
diameter- 
inches 


Weight  per 

foot.    Plain 

ends — 

steel — lb. 


S 

X 

XX 

s 

X 
XX 

s 

X 

XX 

s 

X 
XX 

s 
s 

X 
XX 

s 

X 

s 
s 

s 

X 

s 

X 

s 
s 

X 

s 

X 

s 

X 

s 

X 


S.ooo 
5. 000 
5.000 

5.563 
5.563 
5.563 

6.62s 
6.625 
6.625 
7.625 
7.625 
7.62s 

8.625 
8.625 

8.62s 
8.625 

9.625 
9.625 

10.750 
10.750 

10.750 
10.750 

11.750 
11.750 

12.750 
12.750 

12.750 

14.000 
14.000 

15.000 
15.000 

16.000 
16.000 


4.506 
4.290 

3.580 

5.047 
4.813 
4.063 

6.065 
5.761 
4.897 
7.023 
6.62s 

5.875 

8.071 

7.981 

7.62s 
6.875 

8.941 
8.62s 

10.192 
10.136 

10.020 
9.750 

I I . 000 

10.750 

12.090 
12.000 
11.750 

13.250 
13.000 

14.250 
14.000 

15.250 
I 5 . 000 


12.5 

17.6 
32.5 

14.6 

20.8 

38.5 

19-0 

28.6 

53.3 
23.5 
38.0 
63.1 

24.7 
28.5 

43.4 

72.4 

33.9 
48.7 

312 
34.2 

40. 5 

54.7 

45.6 
60.1 

43.8 
49.6 
65.4 

54-6 
72.1 

58.6 
77.4 

62.6 
82.8 


K-current  for 

one  millivolt 

drop  per  foot  of 

continuous 
pipe — amperes 


Steel 


Wrought 
iron 


59.8 
83.9 

iss. 

69.7 
98.9 
183. 

90.3 
136. 

253. 
112. 
181. 
300. 

118. 
136. 

206. 
345. 

161. 
232. 

149. 
163. 

192. 
261. 

217. 
286. 

208! 
236. 

311. 

260. 
343. 

279. 
369. 

298. 
394. 


67.9 
95.3 
176. 

79.2 
112. 
209. 

103. 

155. 
288. 
127. 
206. 
342. 

134. 

155. 

23s. 
392. 

184. 
264. 

169. 
185. 

219. 
297. 

247. 
326. 

237. 
269. 

354. 

296. 
391. 

317. 
420. 

339. 
449. 


Standard  pipe. 
Extra  ftrong  pipe. 
Double  extra  strong  pipe. 
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! 
which  an  unknown  current  /  is  flowing  as  shown;  at  first  let  it  be  I 
supposed  that  this  current  is  steady,  and  of  course  a  direct  current  i 
Let  DhesL  sensitive  galvanometer,  miUi- voltmeter  or  any  other  fom 
of  detector  of  small  differences  of  potential,  connected  as  shown;  j 
there  should  preferably  be  no  variable  resistance  like  an  iinbondei  * 
pipe  joint  between  the  two  contact  points.    Let  A  be  an  ammeter, 
B  a  few  cells  of  storage  battery  and  R  an  adjustable  resistance;  the 
shunt  circuit  containing  them  is  connected  as  shown  anywhere; 
outside  of  the  points  of  application  of  the  voltage  detector,  tJie 
farther  away  the  better — they  may  even  be  on  the  other  side  of  a 
joint.    To  find  the  current  flowing  in  the  pipe  adjust  the  resistance 
R  until  D  reads  zero;  then  there  will  no  longer  be  any  current  flow- 
ing in  the  shunted  part  of  the  pipe,  hence  the  reading  of  the  am- 
meter will  give  the  current  /  in  the  pipe.    The  current  may  be 
said  to  have  been  sucked  out  of  the  pipe  by  the  battery,  and  made 
to  flow  through  the  ammeter,  where  it  can  be  measured;  as  far  as 
the  current  in  that  short  section  is  concerned,  the  pipe  circuit  has 
in  effect  been  electrically  cut  in  two  as  though  an  insulating  joint 
had  been  introduced.    If  Z)  is  a  galvanometer  with  proportionate 
deflections,  instead  of  a  mere  detector,  then  by  taking  a  deflection 
immediately  after  the  shunt  circuit  has  been  opened  a  reading 
proportionate  to  the  drop  of  voltage  for  that  current  will  be  oih 
tained.    The  instrument  D  is  thereby  calibrated  to  read  the  pipe 
currents  directly  and  can  be  used  for  this  purpose  thereafter;  tie   \ 
test  with  the  battery  current  is  therefore  merely  of  the  nature  d  \ 
preliminary  calibration  and  need  be  carried  out  only  once  for  eadi 
station.    If  in  addition  this  voltage  instrument  is  calibrated  to  read 
directly  in  volts  (usually  in  terms  of  milli-  or  microvolts  as  for  in- 
stance a  milli-voltmeter)  then  if  the  deflection  reduced  to  milli- 
volts is  divided  by  the  current  it  will  give  the  resistance  of  the 
pipe  in  milliohms  between  the  two  points  of  application  of  the 
voltmeter,  hence  it  enables  the  true  resistance  of  the  pipe  to  be 
measured. 

In  this  method  shown  in  Fig.  68  there  should  be  no  current  leav- 
ing or  entering  the  pipe  between  the  points  of  application  of  the 
shunt,  hence  the  hole  should  be  free  from  water  and  there  should 
be  no  moist  earth  in.  contact  with  that  part  of  the  pipe.  It  is  as- 
sumed in  this  method  that  the  short  length  of  pipe  between  the 
shunt  contacts  is  too  small  a  fraction  of  the  Whole  circuit  bf  the  pipe  i 
line  currents  to  alter  these  currents  When  that  section  is  pfacdcaJly 
cut  out  of  circuit,  as  it  is  When  the  cuitlsnt  flbWB  thzt^h  the  shunt 
This  assumption  is  pitobably  absolutely  safe  in  all  casbs  in  practice. 
As  this  method  is  not  in  any  way  concerned  with  the  nature  of  the 
circuit  beyond  the  single  pipe  length  under  test,  nor  with  the  rest 
of  the  path  of  the  current,  it  can  be  applied  to  the  most  complei 
network  of  pipes>  even  when  the  pipes  are  interconnected  else-; 
where  or  bonded  to  the  track.  In  measuring  the  pipe  resist- 
ance by  this  method,  or  in  general  when  the  voltage  drop  is  meas- 
ured, it  is  of  course  assumed  that  the  current  is  constant  while  the 
two  successive  readings  are  taken,  hence  it  is  recommended  to 
repeat  the  two  readings  a  number  of  times. 
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!  The  above  applies  to  steady  currents  or  to  such  as  are  steady  long 
bnough  (a  few  seconds)  to  take  two  successive  readings,  as  the  volt- 
;e  drop  and  the  current  cannot  be  measured  simultaneously  in  the 
>nn  shown  in  Fig.  68.  In  practice  such  stray  currents  are  likely 
vary  continuously  and  often  very  rapidly.  By  waiting  for  a 
Stable  opportunity  when  the  current  is  practically  constant  for  a 
short  time,  measurements  of  sufficient  accuracy  can  often  be  made, 
and  as  this  ptart  of  the  test  is  only  for  the  calibration,  hence  of  a 
preliminary  nature  and  needing  to  be  made  only  once  for  each 
Btation,  one  is  justified  in  taking  more  time  for  it.  When, 
however,  the  fluctuations  are  too  rapid,  the  following  modification 
can  be  used;  it  proves  to  be  very  satisfactory  in  practice,  although 
somewhat  more  cumbersome  and  requiring  additional  apparatus, 
though  no  more  observers. 

Let  the  left  hand  side  of  Fig.  69  represent  the  same  arrange- 
ment as  in  Fig.  68.  A  second  vollage  detector  D  is  then  added  as 
shown;  it  may  be  a  sensitive  galvanometer  and  need  not  be  cali- 
brated. 5  is  a  second  shunt  circuit  containing  a  battery  and  an 
adjustable  resistance  which  is  operated  by  the  observer  of  Z>,  who 
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Pig.  69. — Determination  of  current  flow  in  pipes. 

keeps  adjusting  it  continuously  so  as  to  maintain  the-  deflection 
in  D  constant.  During  that  time  the  current  will  be  steady  for  the 
other  observer,  who  then  completes  a  set  of  readings  with  the  other 
instrument  V  according  to  the  method  shown  in  Fig.  68.  The 
purpose  of  the  additional  shunt  S  is  to  take  up  all  the  excess  of  the 
pipe  current  above  a  certain  amount,  thus  acting  as  a  sort  of  over- 
flow, taking  caffe  of  the  peaks  only.  The  observer  of  D  must,  there- 
{ore>  use  some  judgment  in  selecting  the  deflection  at  which  the 
current  is  to  bfe  held  constant;  it  should  be  kept  at  about  the  t^ase 
of  thfe  average  peaks,  but  should  not  be  too  loW  for  the  other  ob- 
server to  get  good  readings  for  his  calibration.  It  may  be  a  dif- 
ferent deflection  for  each  set  of  readings  of  the  other  observer; 
the  only  important  point  is  that  the  current  should  be  held  constant 
in  that  length  of  pipe  for  a  long  enough  time  to  take  two  successive 
readings,  requiring  only  a  few  seconds. 

Or,  if  practicable,  the  observer  of  D  could  shunt  off  the  whole 
pipe  current,  thus  miaking  D  read  zero,  and  leaving  the  pipe  en- 
tirely free  from  current  for  the  other  observer  to  make  his  calibra- 
tion or  any  other  test  for  which  it  is  required  to  have  the  pipe  free  • 
from  current.    The  adjustable  resistance  for  this  extra  shunt  S  ' 
idiould  be  made  of  a  pilt  of  carbtm  plat^  Which  ate  compressed  by 
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means  of  a  lever  so  that  the  observer  of  D  may  quickly  follow 
the  variations  of  the  current  with  it.  Very  good  results  can  be 
obtained  with  such  an  arrangement  after  a  little  practice.  As 
the  observer  of  D  knows  whether  or  not  the  current  has  been  success- 
fully kept  constant  he  can  discard  the  readings  of  the  other  ob- 
server for  which  the  current  has  not  been  constant.  By  taking  the 
mean  of  a  number  of  good  readings,  very  satisfactory  results  can 
be  obtained. 

Mr.  C.  W.  Kinney,  Electric  Journal,  1909,  describes  an  ap- 
proximate method  of  determining  the  amount  of  current  flow  in 
a  pipe,  the  resistance  of  which  was  not  known.  The  determina- 
tion was  made  as  follows:  The  water  pipe  was  exposed  for  about 
6  ft.  of  its  length.  Three  places  on  the  pipe,  2H  ft.  apart, 
were  filed  bright  and  the  drop  in  voltage,  as  indicated  by  tk 
voltmeter,  between  the  first  and  second  points  and  then  be- 
tween the  second  and  third  points,  was  noted.  After  these  reading 
had  been  taken,  an  ammeter  reading  was  taken  between  the  rail  and 
the  middle  point  on  the  water  pipe.  While  the  ammeter  was  sdll 
connected,  voltmeter  readings  were  taken  as  before.  The  volta^ 
drop  between  points  i  and  2  showed  less  than  one-half  of  i  per 
cent,  of  the  original  value.  Thus,  the  voltage  drop  between  p>oints 
2  and  3  could  be  assimied  to  be  due  entirely  to  the  current  flowing  ^ 
through  the  ammeter.  The  normal  flow  of  current  in  the  pipe 
then  calculated  by  a  simple  proportion;  that  is,  the  current  flo 
during  the  first  test  bore  the  same  relation  to  the  ammeter  reading 
that  the  voltmeter  deflection  between  points  2  and  3  during  the  fiisl 
test  bore  to  the  deflection  of  the  voltmeter  needle  when  the  ammeter 
was  connected,  since  the  voltmeter  was  of  uniform  scale  type.  It 
was,  therefore,  not  necessary  to  determine  the  actual  value  of  the 
divisions  on  the  voltmeter  scale  in  order  to  find  the  amoimt  of 
"Turrent  flowing  in  the  pipe. 

Resistance  of  and  Current  in  Lead  and  Lead  Alloy  Pipes  and 
heaths.  The  resistance  of  "lead"  pipe  and  "lead"  cable  sheath 
rill  depend  upon  the  alloy  that  is  used  in  its  construction.  Practi- 
cal results  indicate  that  the  resistance  of  pure  lead  is  about  480 
microhms  (0.00048  ohms)  per  pound-foot,  and  the  resistance  of 
"lead"  cable  sheathing  containing  3  per  cent,  tin  is  about  530 
microhms  (0.00053  ohms),  per  pound-foot.  The  curve  sheet. 
Fig.  70  is  arranged  for  the  rapid  approximation  of  resistance  and 
current  per  millivolt  drop  per  foot  for  lead  and  lead-tin  alloy  pipes. 
The  following  example  will  illustrate  the  method  of  using  these 
curves: 

What  is  the  resistance  per  foot  of  sheath  and  the  current  per 
millivolt  drop  per  foot  along  a  cable  sheath  of  a  lead-tin  alloy 
containing  3  per  cent,  of  tin,  the  resistance  of  the  sheath  being 
0.00053  ohms  per  pound-foot  ?  The  outside  diameter  of  the  sheath 
is  2.28  in.  and  the  thickriess  of  the  wall  is  Ha  in. 

Starting  at  the  "  2.28"  point  on  the  "  Outside  Diameter — Inches" 
scale  (Fig.  70),  follow  the  vertical  to  intersection  with  the  obUque 
0.156  (=  decimal  equivalent  of  H2)  "Thickness — Inches"  line. 
From  thi^  point  follow  the  horizontal  to  the  intersection  with  the 
"Wdght  per  foot— i^d— 3  per  cent.  Tin-poutid"  scale  at  the 
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5.07  lb.  point.  Now  starting  with  the  5.07  lb.  point  on  the  "Weight 
per  foot,  pure  lead,  pounds,"  follow  the  horizontal  to  the  left  to 
the  intersection  with  the  0.00053  "ohms  per  pound-foot"  oblique. 
From  this  point  drop  a  perpendicular.  The  intersections  of  this 
perpendicular  with  the  horizontal  scale  indicate  that  the  resistance 
of  the  sheath  is  about  104  microhms  per  foot  and  the  current  is 
about  9.6  amperes  per  millivolt  drop  per  foot  along  the  sheatL 
Note:  If  the  cable  sheath  or  pipe  is  of  pure  lead,  the  horizontal 
should  be  carried  straight  through,  instead  of  making  the  correc- 
tion on  the  vertical  scale.  Such  a  case  is  shown  by  the  arrows 
starting  at  0.5  in.  outside  diameter,  Fig.  70. 

Determination  of  Amount  and  Distribution  of  Current  Leaving 
Underground  Metallic  Conductors.  The  generally  accepted  method 
consists  in  determining  the  amount  of  current  flow  (by  one  of  tk 
methods  outlined  above)  in  two  locations  on  the  same  line  d 
underground  pipe.  The  difference  in  the  amount  of  current  q& 
the  pipe  between  these  two  locations  will  then  be  the  amount 
of  current  leaving  (or  entering)  the  pipe  between  the  two  loca-  \ 
tions. 

Detemiination  of  Drop  of  Potential  on  Rails.  As  the  difference 
of  pK)tential  between  two  points  on  the  rails  of  an  electric  railway 
system  is  in  a  way  a  measure  of  the  tendency  to  cause  stray  earth 
currents,  and  as  many  municipal  and  other  public  requirements  are 
based  on  this  figure,  this  test  is  an  important  one,  but  not  dLffiodt 
to  make,  the  essential  matter  being  that  of  getting  a  potential 
wire  between  the  two  points  on  the  rail  and  tihen  measuring  the 
drop  with  an  ordinary  voltmeter.  Where  the  company  has  tele- 
phone or  signal  circuits  which  may  be  temporarily  discomiected 
these  are  often  used  for  this  purpose.  In  some  cases  a  trolley  feeder 
is  used,  but  a  spare  feeder  it  not  often  available  during  the  time 
when  such  tests  are  to  be  made.  Often  it  is  possible  to  arrange  with 
the  local  telephone  company  for  its  cooperation  in  furnishing  spare 
wires  from  a  terminal  box  in  one  location  through  proper  connec- 
tions at  the  telephone  exchange  to  a  terminal  box  in  another 
location,  and  from  these  terminal  boxes  a  continuation  of  the  poten- 
tial wire  may  be  run  to  the  voltmeter  and  rail.  In  using  such,  cir- 
cuits through  a  telephone  exchange,  it  is  important  that  all  t^- 
nections  be  removed  on  the  terminal  board  which  might  servetto 
impresis  telephone  battery  current  on  the  particular  circuit  in  use. 
If  the  instrument  u^  be  of  high  resistance  and  if  the  telephone 
or  signal  Wires  used  as  pbtential  Wirbs  be  of  co{)pbr,  it  is  rardy 
necessary  to  alloW  for  the  resistance  of  the  latter*  in  correcting  the 
voltmeter  readings. 

Limiting  Rail  Drop  should  be  Average  rather  than  Mazimtiin. 
In  many  municipal  or  other  public  requirements  a  limit  has  been 
placed  on  the  potential  drop  in  rails,  and  in  many  cases  thi»  limit 
has  been  expressed  in  terms  of  a  maximum  permissible  drop.  That 
this  is  unfair  and  that  the  limit  should  be  expressed  as  an  average 
drop  is  brought  out  by  Messrs.  McCollum  and  Loean  in  their; 
pkper  on  electrolytic  corrosion  (Trans.  A.I.E.E.,  1913)  as  follows:| 

*'  It  is  evidcjnt  that  if  the  total  amount  of  damage  whith  results 
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is  proportional  to  the  average  current,  then  the  limitation  of  the 
average  voltage  is  more  logical  than  the  limitation  of  the  peak  load 
voltage,  since  in  the  former  case  the  cost  of  meeting  the  voltage 
limitation  in  any  given  case  is  proportionate  to  the  danger  involved 
irrespective  of  the  station  load  factor;  whereas  if  the  voltage  at  peak 
load  is  the  determining  factor,  the  cost  of  complying  with  the 
requirement  depends  not  only  on  the  danger  involved,  but  on  the 
load  factor  of  the  system,  and  the  poorer  the  load  factor,  the 
greater  its  cost  will  be.  The  rate  of  damage  does  not  increase  as 
fast  as  the  voltage  increases,  because  of  the  tendency  toward  lower 
corrosion  efficiencies  at  higher  current  densities.  This  indicates 
that,  with  a  given  average  all-day  current,  the  actual  amount  of 
electrolysis  that  would  occur  would  be  less  with  a  bad  load  factor 
than  with  a  good  load  factor,  and  hence  points  to  the  undesirability 
of  penalizing  a  high  peak  of  short  duration.  It  would  appear  very 
much  more  logical,  therefore,  in  so  far  as  the  damage  itself  is  con- 
cerned, to  make  the  average  all-day  voltage  the  basis  of  the  limi- 
tation rather  than  the  voltage  at  time  of  peak  load." 

Methods  of  Reducing  Barth  Potentials  and  Currents  thus  Miti- 
gating Electrolytic  Corrosion 

The  methods  which  have  been  most  often  used  with  success  in 
this  coimtry  to  reduce  earth  potentials  and  currents  have  been 
three;  the  insulated  negative  return  feeder  system,  the  insulating 
joint  system,  and  the  drainage  system. 

Insulated  Negative  Return  Feeder  Sjrstein.  In  this  system  the 
tracks  are  drained  of  current  at  radially  disposed  points  about 
the  power  station  by  insulated  negative  return  feeder  cables.  The 
negative  bus  bar  is  not  connected  to  the  tracks  nor  to  ground  in 
the  vicinity  of  the  power  station.  Pressures  as  nearly  equal  as 
are  required  may  be  maintained  at  the  track  end  of  the  return 
feeders  by  the  use  of  rheostats  on  short  feeders  and  boosters  on  long 
ones,  or  by  greatly  increasing  the  amount  of  copper  in  long  feeders 
without  the  use  of  boosters  or  rheostats.  The  cost  of  the  system 
increases  very  rapidly  as  the  |>ermissible  maximum  variation  be- 
tween the  various  portions  of  the  track  decreases.  In  a  few  Ameri- 
can cities  insulated  negative  return  feeders  have  been  installed  in  a 
portion  of  the  city  so  as  to  secure  an  equipbtential  condition  of  the 
track  in  an  area  Where  the  amount  of  undergtound  cables  or 
inpes  subject  to  damage  is  the  greatest.  This  methdd  is  feasible 
and  most  often  used  where  the  raUWay  companVs  pbw^r  station 
or  substation  is  located  very  close  to  the  center  of  distribution  of  a 
system  composed  of  several  or  many  lines  radially  disposed  about 
the  center  of  distribution.     (See  page  746.) 

The  insulating  joint  S]rstem  requires  that  cable  sheaths  or  piping 
systems  should  have  insulating  joints  at  frequent  intervals.  If  the 
insulating  joints  be  sufficiently  numerous,  this  system  may  give 
good  results,  but  th^re  is  some  difficulty  in  applying  them  to  an 
extensive  system  of  underground  cables,  especially  where  the 
number  of  manhole^  is  lai'ge  and  manhbles  crowded.    Ifhle^  the 
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number  of  insulating  joints  is  sufficiently  large  to  break  up  the  poten- 
tial around  such  joints  to  a  very  low  value  around  each,  there  is 
also  danger  of  current  leaving  the  pipe  or  cable  sheath  on  one 
side  of  the  insulating  joint  and  entering  it  on  the  other  to  such  at 
extent  that  more  or  less  serious  corrosion  is  caused  on  the  positin 
side  of  the  joint.  If  every  joint  in  the  piping  system  were  an  in- 
sulating joint,  this  method  would  probably  be  an  ideal  one,  as  it 
would  so  increase  the  total  resistance  of  the  pipe  line  that  tlie 
current  flowing  along  it  would  be  practically  nil.  This  is  illa- 
strated  in  the  case  of  some  cast-iron  gas  mains  where  cement  joints 
of  high  resistance  are  used  and  on  which  mains  practically  w 
current  can  be  found. 

Pipe  Drainage  System,  in  this  system  the  pipe  or  cable  sheatb 
in  the  positive  district  are  connected  to  the  negative  side  of  ie 
railway  return  circuits  through  low  resistance  cables.  This  S3rstei| 
as  its  name  implies,  drains  the  stray  currents  from  the  pipes  oc 
cable  sheaths  through  metallic  conductors  so  that  practically  no  cur- 
rent leaves  the  pipe  by  way  of  the  earth  path.  The  drainage  cables 
should  preferably  be  connected  directly  to  the  negative  bus  bar 
at  the  power  station  or  substation,  and  should  be  of  very  low 
resistance.  In  many  cases  a  meter  is  installed  in  the  connection 
to  the  negative  bus,  and  in  cases  where  the  station  shuts  down  for 
a  portion  of  the  day  there  should  be  a  switch  in  the  bus  connections  i 
and  the  circuit  should  be  opened  when  the  station  is  not  in  opez»  j 
tion.  If  the  drainage  system  is  properly  installed,  it  will  maintaii  ' 
the  piping  system  and  cable  sheaths  throughout  their  length  at  a 
potential  lower  than  that  of  the  rails.  An  objection  which  has  been 
raised  to  the  drainage  system  is  that  by  reducing  the  total  resistance 
to  the  flow  of  stray  currents  it  thereby  increases  their  volume  ani 
thus  increases  the  damage  which  may  be  expected  from  **  joint 
electrolysis,"  or  the  electrolytic  action  which  may  take  place  around 
a  high  resistance  pipe  joint  due  to  the  stray  currents  leaving  the 
pipe  on  the  positive  side  of  the  joint  and  returning  on  the  negative 
side.  Some  evidence  is  on  record  of  such  damage,  but  the  cases 
where  such  damage  has  occurred  are  extremely  rare  and  where  noted 
it  has  been  causeid  either  by  isolated  exceptionally  high  resistance 
joints  or  excessive  current  flow  on  the  piping  mains.  Many  cases 
are  on  record  where  a  current  density  of  5  to  10  amperes  per  xK>und- 
foot  or  more  has  been  carried  on  cast-iron  water  mains  for  3reafS 
with  no  evidence  of  joint  electrolysis.  The  drainage  system  has 
been  used  by  the  Bell  telephone  companies  throughout  the  country 
for  the  protection  of  thdr  cables  for  many  years.  In  some  cases 
city  authorities  have  compelled  the  installation  of  the  drainage 
system  and  in  many  cases  they  have  allowed  its  use  where  the 
water  system  is  owned  by  the  city.  The  drainage  s)^tem  is  very 
simple  and  much  cheaper  to  install  than  the  insulating  joint  method 
on  a  system  of  cables  or  pipes  which  are  already  in  i^ce  in  the 
ground,  and  is  the  system  which  has  been  in  most  common  use  in 
American  cities  either  alone  or  in  connection  with  the  insulated  nega* 
tive  return  feeder  S3rstem. 
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Klectrolysis  from  Alternating  Current  Mr.  J.  L.  R.  Hayden 
[Trans.  A.I.E.E.,  1907)  draws  the  following  conclusions  relative 
to  alternating-current  electrolysis:  It  is  not  a  phenomenon  like 
[lirect-current  electrolysis,  on  which  definite  quantitative  general 
laws  can  be  formulated,  but  is  of  the  character  of  a  secondary 
effect;  that  is,  the  action  of  the  positive  half  wave  is  not  quite 
reversed  by  the  action  of  the  negative  half  wave,  leaving  a  small 
difference,  rarely  exceeding  one-half  of  i  per  cent,  of  the  elec- 
trolytic action  of  an  equal  (firect  current.  Alternating-current  elec- 
trcdysis  varies  from  practically  nothing  to  somewhat  less  than  i 
per  cent,  of  direct-current  electrolysis,  varjdng  with  the  chemical 
nature  of  the  electrolyte  and  being  practically  independent  of  the 
current  density.  He  states  that  protection  from  alternating-current 
electrolysis  may  be  absolutely  obtained  by  the  super-imposition  of  a 
very  small  quantity  of  direct  current  upon  the  alternating,  the 
amount  of  direct  ciurent  being  only  1.5  per  cent,  of  the  alternating 
cturent. 

Transmission 

Voltage  Determination*  The  determination  of  the  proper 
voltage  for  the  transmission  of  energy  requires  a  cost  study  made 
up  of  two  parts,  namely,  the  cost  of  the  energy  lost  and  the  cost  of 
the  line,  the  transmitting  and  receiving  apparatus.  The  amount 
and  thus  the  cost  of  power  lost  in  a  given  transmission  line  in 
delivering  a  given  amount  of  power  at  the  receiver  end  of  that  line 
decreases  if  the  voltage  at  which  that  power  is  transmitted  be 
increased.  Such  an  increase  in  voltage  necessitates  an  increase  in 
the  cost  of  insulation,  apparatus  and  protective  devices.  Thus, 
under  a  given  set  of  market  conditions,  the  voltage  at  which  a 
given  amount  of  power  will  be  delivered  to  a  distant  point  at  the 
least  cost  is  limited  to  that  value  at  which  the  sum  of  the  cost  of 
losses  resulting  and  cost  of  line,  transmitting  and  receiving  appara- 
tus necessary  is  a  minimum.  Kapp*s  modification  of  Kelvin's 
law  of  economy  is:  "The  most  economical  area  of  conductor  is 
that  for  which  the  annual  cost  of  energy  wasted  is  equal  to  the 
annual  interest  on  that  portion  of  the  capital  outlay  which  can  be 
considered  proportional  to  the  weight  of  metal  used."  As  the 
distance  at  which  energy  is  transmitted  increases,  the  cost  of  trans- 
mission line  conductor  and  the  losses  in  the  line  become  of  increasing 
importance  relative  to  the  cost  of  transmitting  and  receiving  ap- 
paratus and  the  continuance  of  a  given  economy  demands  an 
mcrease  in  the  voltage  of  operation.  The  amount  of  conductor 
required  for  a  transmission  line  to  transmit  a  given  amount  of  power 
with  a  given  loss  on  the  line  is  reduced  75  per  cent,  each  time  the 
voltage  at  the  receiver  is  doubled. 

The  more  common  transmission  voltages  are  2200,  4400,  6600, 
11,000,  13,200,  22,000,  33,000,  44,000,  66,000,  88,000,  110,000, 
140,000. 
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number  of  insulating  joints  is  sufficiently  large  to  break  up  the  poten- 
tial around  such  joints  to  a  very  low  value  around  each,  there  is 
also  danger  of  current  leaving  the  pipe  or  cable  sheath  on  one 
side  of  the  insulating  joint  and  entering  it  on  the  other  to  such  aa 
extent  that  more  or  less  serious  corrosion  is  caused  on  the  positive 
side  of  the  joint.  If  every  joint  in  the  piping  system  were  an  in- 
sulating joint,  this  method  would  probably  be  an  ideal  one,  as  it 
would  so  increase  the  total  resistance  of  the  pipe  line  that  the 
current  flowing  along  it  would  be  practically  nil.  This  is  illu- 
strated in  the  case  of  some  cast-iron  gas  mains  where  cement  joints 
of  high  resistance  are  used  and  on  which  mains  practically  no 
current  can  be  found. 

Pipe  Drainage  System.  'In  this  system  the  pipe  or  cable  sheaths 
in  the  positive  district  are  connected  to  the  negative  side  of  tie 
railway  return  circuits  through  low  resistance  cables.  This  system, 
as  its  name  implies,  drains  the  stray  currents  from  the  pipes  or 
cable  sheaths  through  metallic  conductors  so  that  practically  no  cur- 
rent leaves  the  pipe  by  way  of  the  earth  path.  The  drainage  cables 
should  preferably  be  connected  directly  to  the  negative  bus  bar 
at  the  power  station  or  substation,  and  should  be  of  very  low 
resistance.  In  many  cases  a  meter  is  installed  in  the  connection 
to  the  negative  bus,  and  in  cases  where  the  station  shuts  down  for 
a  portion  of  the  day  there  should  be  a  switch  in  the  bus  connections 
and  the  circuit  should  be  opened  when  the  station  is  not  in  opera- 
tion. If  the  drainage  system  is  properly  installed,  it  will  maintain 
the  piping  system  and  cable  sheaths  throughout  their  length  at  a 
potential  lower  than  that  of  the  rails.  An  objection  which  has  been 
raised  to  the  drainage  system  is  that  by  reducing  the  total  resistance 
to  the  flow  of  stray  currents  it  th«-eby  increases  their  volume  and 
thus  increases  the  damage  which  may  be  expected  from  "joint 
electrolysis,"  or  the  electrolytic  action  which  may  take  place  around 
a  high  resistance  pipe  joint  due  to  the  stray  currents  leaving  the 
pipe  on  the  positive  side  of  the  joint  and  returning  on  the  negative 
side.  Some  evidence  is  on  record  of  such  damage,  but  the  cases 
where  such  damage  has  occurred  are  extremely  rare  and  where  noted 
it  has  been  caused  either  by  isolated  exceptionally  high  resistance 
joints  or  excessive  current  flow  on  the  piping  mains.  Many  cases 
are  on  record  where  a  current  density  of  5  to  10  amperes  per  poundr 
foot  or  more  has  been  carried  on  cast-iron  water  mains  for  yeais 
with  no  evidence  of  joint  electrolysis.  The  drainage  system  has 
been  used  by  the  Bell  telephone  companies  throughout  the  country  J 
for  the  piTotection  of  thdr  cables  for  many  years.  In  some  cases  J 
city  authorities  have  compelled  the  installation  of  the  draiiuige  I 
system  and  in  many  cases  they  have  allowed  its  use  where  the  a 
water  system  is  owned  by  the  dty.  The  drainage  S3rstem  is  very! 
simple  and  much  cheaper  to  install  than  the  insulating  joint  method 
on  a  system  of  cables  or  pip>es  which  are  already  in  place  in  the 
ground,  and  is  the  system  which  has  been  in  most  common  use  in 
American  cities  either  alone  or  in  connection  with  the  insulated  nega- 
tive return  feeder  system. 
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Blectrolysis  from  Alternating  Current  Mr.  J.  L.  R.  Hayden 
(Trans.  A.I.E.E.,  1907)  draws  the  following  conclusions  relative 
to  alternating-current  electrolysis:  It  is  not  a  phenomenon  like 
direct-current  electrolysis,  on  which  definite  quantitative  general 
laws  can  be  formulated,  but  is  of  the  character  of  a  secondary 
effect;  that  is,  the  action  of  the  positive  half  wave  is  not  quite 
reversed  by  the  action  of  the  negative  half  wave,  leaving  a  small 
difference,  rarely  exceeding  one-half  of  i  per  cent,  of  the  elec- 
trolytic action  of  an  equal  direct  current.  Alternating-current  elec- 
trolysis varies  from  practically  nothing  to  somewhat  less  than  i 
per  cent,  of  direct-current  electrolysis,  varying  with  the  chemical 
nature  of  the  electrolyte  and  being  practically  independent  of  the 
current  density.  He  states  that  protection  from  alternating-current 
electrcdysis  may  be  absolutely  obtained  by  the  super-imposition  of  a 
very  small  quantity  of  direct  current  upon  the  alternating,  the 
amount  of  direct  current  being  only  1.5  per  cent,  of  the  alternating 
current. 

Transmission 

Voltage  Determination.  The  determination  of  the  proper 
voltage  for  the  transmission  of  energy  requires  a  cost  study  made 
up  of  two  parts,  namely,  the  cost  of  the  energy  lost  and  the  cost  of 
the  line,  the  transmitting  and  receiving  apparatus.  The  amount 
and  thus  the  cost  of  power  lost  in  a  given  transmission  line  in 
delivering  a  given  amount  of  power  at  the  receiver  end  of  that  line 
decreases  if  the  voltage  at  which  that  power  is  transmitted  be 
increased.  Such  an  increase  in  voltage  necessitates  an  increase  in 
the  cost  of  insulation,  apparatus  and  protective  devices.  Thus, 
under  a  given  set  of  market  conditions,  the  voltage  at  which  a 
given  amount  of  power  will  be  delivered  to  a  distant  point  at  the 
least  cost  is  limited  to  that  value  at  which  the  sum  of  the  cost  of 
losses  resulting  and  cost  of  line,  transmitting  and  receiving  appara- 
tus necessary  is  a  minimum.  Kapp's  modification  of  Kelvin's 
law  of  economy  is:  "The  most  economical  area  of  conductor  is 
that  for  which  the  annual  cost  of  energy  wasted  is  equal  to  the 
annual  interest  on  that  portion  of  the  capital  outlay  which  can  be 
considered  proportional  to  the  weight  of  metal  used."  As  the 
^stance  at  which  energy  is  transmitted  increases,  the  cost  of  trans- 
mission line  conductor  and  the  losses  in  the  line  become  of  increasing 
importance  relative  to  the  cost  of  transmitting  and  receiving  ap- 
paratus and  the  continuance  of  a  given  economy  demands  an 
increase  in  the  voltage  of  operation.  The  amount  of  conductor 
required  for  a  transmission  line  to  transmit  a  given  amount  of  power 
with  a  given  loss  on  the  line  is  reduced  75  per  cent,  each  time  the 
voltage  at  the  receiver  is  doubled. 

The  more  common  transmission  voltages  are  2200,  4400,  6600, 
X  1,000,  13,200,  22,000,  33,000,  44,000,  66,000,  88,000,  110,000, 
140,000. 
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Spacing  of  Transmission  Line  Ck>nductors.  Transmission  line 
conductors  must  be  spaced  far  enough  apart  so  that  there  will  be 
no  danger  of  arcing  nor  sparking  between  them  and  no  danger  of 
appreciable  loss  due  to  creepage  or  corona.  The  spacing  must  be 
given  particular  attention  with  regard  to  the  possibility  of  the  con- 
ductors swinging  dangerously  near  together  in  the  wind,  especially 
where  the  direction  of  the  wind  is  not  at  right  angles  to  that  of  the 
transmission  line.  The  separation  of  conductors  required  by  the 
Joint  Overhead  Crossing  Specification  is  shown  on  page  647. 

Power  Loss  and  Regulation  of  Transmission  Line.  The  values 
of  the  power  loss  and  regulation  depend  upon  the  amount  of  power 
delivered,  the  voltage  at  which  it  is  delivered  at  the  receiver  end, 
the  power  factor  of  the  load,  the  number  of  phases  and  the  frequency 
of  the  system,  the  length  of  the  line  and  the  material,  temperatuit, 
size,  arrangement  and  distance  apart  of  the  conductors.  For  an 
approximate  calculation  of  the  power  loss  and  regulation  accurate 
enough  for  all  ordinary  electric  railway  work,  it  is  sufl&dent  to  take 
into  consideration  the  following  items :  Amount  of  power  delivered, 
number  of  phases,  voltage  at  receiver,  power  factor  at  receiver, 
resistance  of  the  line  and  inductive  reactance  of  the  line.  (Note 
that  capacitance  of  the  line  is  here  omitted.) 

Calci^tion  of  Power  Loss  and  Regulation  for  Single-phase 
Two-wire  Line.      For  three-phase  see  page  732. 

Power  Loss,  (kilowatts  line  loss)  = 

1000 

in  which  /  —  current  in  line,  amperes 

_  P  X  1000 

~    £cos^ 
P  =  power  delivered  at  receiver,  kilowatts 
E  —  electromotive  force  at  receiver,  volts 
cos  0  =  p>ower  factor  of  load  =  power  factor  of  receiver 
R  =  resistance  of  line,  ohms 

=  2  X  [resistance  of  one  conductor,  ohms  (see  pages  753 
to  756)]. 

Example:  To  find  the  power  loss  in  line  delivering  2000  kw. 
at  the  receiver  over  a  single-phase  two-wire  transmission  line 
60,000  ft.  long  composed  of  No.  i  A.W.G.  (B.  &  S.)  hard  drawn 
soUd  copper  wire;  spacing  of  conductors,  36  in.;  frequency,  60  cydes 
per  second;  electromotive  force  at  receiver,  22,000  volts;  power 
factor  at  receiver,  0.90  (current  lagging). 

Solution: 

/^  ^  '    V     \        2000  X  1000 

(Current  m  line)  = 


22,000  X  0.90 
=  101  amperes. 


From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard* 
drawn  solid  copper  conductor  is  0.1272  ohms;  therefore: 
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(resistance  of  line)  =  i?  =  2  X  60  X  0.1272  =  15.26  ohms 

/I  -1        **   1       •    T     \         ^^^^  ^  ^5-26 
(kilowatts  loss  m  line)     = —^— =  155.7 


1000 


Regulation, 


Eg-  E 
(per  cent,  regulation)  —  100  X ^ —     (See  Fig.  71). 

in  which  Eg  —  electromotive  force  at  generator  end  of  line,  volts 


=  V(E 


cos  e  +  IR)^  +  {EVi   -  (cos  e)^  +  IX)^ 

I  ~  current  in  line,  amperes 

_P  X  1000 

""   JScos^ 

P  =  power  delivered  at  receiver,  kilowatts 
E  =  electromotive  force  at  receiver,  volts 
cos  6  =  power  factor  of  receiver  (load) 
R  =  resistance  of  line,  ohms 

=  2  X  [resistance    of    one    conductor,    ohms    (see 
pages  753  to  756)] 
X  =  inductive  reactance  of  line,  ohms 

=  2  X  [inductive  reactance  of  one  wire,  ohms  (see 
pages  766  to  771)]. 

Following  are  three  methods  of  calculating  regulation:  I. 
Solution  by  means  of  above  analytical  method.  II.  Solution  by 
the  use  of  the  "Mershon  Dia- 
gram'* (Fig.  72)  introduced  by 
Mr.  Ralph  D.  Mershon,  Ameri- 
can Electrician,  1897.  III.  Solu- 
tion by  a  * 'drop-factor"  method 
based  on  that  of  Messrs.  Charles 
F.  Scott  and  Clarence  P.  Fowler, 
Electric  Journal,  1907. 

/.  Direct  Analytical  Method  of 
Calculaiing Regulation.  Example: 
To  find  the  per  cent,  regulation 

of  line   delivering   2000  kw.    at      ^     ^    ^^    ^     ^ 

the  receiver  over  a  single-phase,    single-pkase  Tiner  capadtance    neg- 

two-wire  transmission  line  60,000   lected. 

ft.  long  composed  of  No.  i  A.  W.G. 

(B.  &  S.)  hard-drawnsolid  copper  wire;  spacing  of  conductors,  36  in.; 

frequency,  60  cycles  per  second;  electromotive  force  at  receiver, 

e2,ooo  volts;  power  factors  at  receiver,  0.90  (current  lagging). 

Solution: 


JBOos  e 
Pig.  71. — E.  M.  P.,  diagram  for 


(current  in  line)  =  I  — 


P  X  1000 


Eco^e 
_  2000  X  1000 
2 2, 000 X  0.90 
=  10 1  amperes. 
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From  page  753  the  resistance  per  1000  ft.  of  No.  i  A. W.G,  hard- 
drawn  solid  copper  conductor  is  0.1272  ohms;  therefore 

(resistance  of  line)  =  R  ==  2  X60X  0.1272 

=  15.26  ohms. 

From  page  768  the  inductive  reactance  per  1000  ft.  of  No.  i 
A. W.G.  solid  conductor,  spaced  (interazial  distance)  36  in.,  is 
0.13  2 18  ohms;  therefore 

(inductive  reactance  of  line)  =  X  =  2  X  60  X0.13218 

=  15.86  ohms 

Eq  =  V(£  cos  e  +  iRy+  (eVi  -  (cos~^«  +  ixy, 

.         (See  Fig.  71.) 

^V  (22,000  X  0.90  +  loi  X  i5.36)«+(22,oooVi  —  0.90*  +  lOi  X  IS-W)^ 
=  24098 

(Per  cent,  regulation)  =  100  X  - 


100  X 


E 

24,098  —  22,000 


22,000 
=5  9.5  per  cent,  of  receiver  voltage. 

//.  Method  of  Calculating  Regulation  by  Use  of  Merskn 
Diagram.  The  method  consists  of  first  determining  the  resistaace 
drop  (called  for  convenience,  "resistance  volts")  and  the  dectio* 
motive  force  required  to  balance  the  inductive  reactance  (called  fa 
convenience,  "reactance  volts");  these  are  then  express^  in  per 
cent,  of  receiver  voltage  and  applied  to  the  Mershon  diagram 
(Fig.  72)  from  which  the  per  cent,  regulation  is  then  read  directiy. 

Example:  To  find  the  per  cent,  regulation  of  a  line  deli vering 
2000  kw.  at  the  receiver  over  a  single-phase,  two-wire  trans- 
mission line  60,000  ft.  long  composed  of  No.  i  A. W.G.  (B.  &  S.) 
hard-drawn  solid  copper  wire;  spacing  of  conductors,  36  in.; 
frequency,  60  cycles  per  second;  electromotive  force  at  recdvcr, 
22,000  volts;  power  factor  at  receiver,  0.90  (current  lagging). 

Solution: 

f  *  •     r      \         r        ^  X  1000 

(current  in  hne)  =  /  =  -= — 

tit  cos  V 

~  ^000  X  1000 
22,000X0.90 
=  loi  amperes 

From  page  753  the  resistance  per  1000  ft.  of  No.  i  A. W.G.  hafd- 
drawn  solid  copper  conductor  is  0.1272  ohms;  therefore 

(resistance  of  line)  ^  R  =  2  X60X  0.1272 

=  15.26  ohms 

("resistance  volts")  =  IR  —  loi  X  15.26 

=  1541  volts 

/  X     *        .  1.      \       1541X100 

(per  cent,  of  receiver  voltage)  =  -^^ =  7.0 

22,000 


TRANSMISSION  LINE  CALCULATIONS  72 

From  page  768  the  inductive  reactance  per  1000  ft.  of  No.  : 
A.W.G,  solid  conductor,  spaced  (interaiial  distance)  36  in.,  i 
0.13118  ohms;  therefore 

(inductive  reactance  of  line)  =  X  =  2  X  60  X  0.13218 
=  15.86  ohms 


Lota  Fawei  BtcUin  Dies  In  Peiooal  o 

Pig.  jj. — Meralioii  diagrani. 
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("reactance  volts")  =  /X"  «  loi  X  15.86 

=  1602  volts 

« 

f  4.       r  •  u         \  I<^2  X  100 

(per  cent,  of  receiver  voltage)  « —  7 '3 

22,000 

Now  on  the  Mershon  diagram  (Fig.  3)  from  the  point  at  which 
the  vertical  line  at  load  power  factor  0.90  cuts  the  arc  o,  lay  off  the 
per  cent,  resistance  volts  (7)  horizontally  to  the  right.  At  the 
end  of  the  resistance  volts  line  thus  laid  off,  lay  off  the  per  cent 
reactance  volts  (7.3)  vertically  upward.  The  end  of  this  line  inter- 
sects the  arc  9.5,  which  is  the  per  cent,  regulation. 

///.  ^*Drop  Factor"  Method  of  Calculating  Regulation.  In  this 
method  the  regulation  is  found  by  multiplying  the  '' resistance 
volts"  by  the  "drop  factor."  This  "drop  factor"  is  the  rati 
which  the  difference  between  "generator  volts"  and  "receii« 
volts"  bears  to  the  "resistance  volts."  It  depends  upon  (i)  tht 
ratio  of  the  "reactance  volts"  to  the  "resistance  volts"  (the  ratio 
of  the  reactance  of  the  line  to  the  resistance  of  the  line),  (2)  the 
power  factor  of  the  load,  and  (3)  the  ratio  of  the  "resistance  volts" 
to  the  "receiver  volts."  The  "drop  factor"  is  given  on  page  731 
for  "resistance  volts"  equal  to  10  per  cent,  of  the  ''receiver 
volts."  The  ratio  of  the  "resistance  volts"  to  the  "receiver  volts* 
has  a  comparatively  small  effect  on  the  drop  factor,  consequently 
this  table  may  be  used,  with  small  error  resulting,  in  cases  where 
the  "resistance  volts"  do  not  exceed  15  or  20  per  cent,  of  tk 
"receiver  volts." 

Example :  To  find  the  per  cent,  regulation  of  line  delivering  2000 
kw.  at  the  receiver  over  a  single-phase,  two-wire  transmission  line 
60,000  ft.  long  composed  of  No.  i  A.W.G.  (B.  &  S.)  hard-drawn 
solid  copper  wire;  spacing  of  conductors,  36  in.;  frequency,  60 
cycles  per  second;  electromotive  force  at  receiver,  22,000  volts; 
power  factor  at  receiver,  0.90  (current  lagging). 

Solution:  From  page  768  the  inductive  reactance  per  1000  ft. 
of  No.  I  A.W.G.  soUd  conductor,  spaced  (interaxial  distance) 
36  in.,  is  0.13218  ohm. 

From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard- 
drawn  solid  copper  conductor  is  0.1272  ohm. 

_,       -  reactance      0.13  2 18 

Therefore  —  .-       —  =  — 

resistance       0.1272 

=  1.04 

(resistance  of  line)  =  12  =  2  X  60  X  0.1272 

=  15.26  ohms 


(current  in  line)  =  /  = 


P  X  1000 
E  cos  e 
2000  X  1000 


22,000  X  0.90 
=  101  amperes 
("resistance  volts")  =  IR  =  10 1  X  15.26 

=  1 541  volts 
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From  the  table  below  the  "drop  factor"  for  a  load  power  factor 
90  per  cent,  and  the  ratio  of  reactance  to  resistance  of  1.04  is 
tund  by  interpolation  to  be  1.39,  therefore 

egulation    volts)  =  (''resistance     volts")  X  ("drop     factor") 

=  1541  X  1.39 
=  2142  volts 

f  4.  1  *•     \        2142  X  100 

(per  cent,  regulation)  = 

22,000 

=  9.7 

Drop  Factors  when  Resistance  Volts  are  10 
Per  Cent,  of  the  Receiver  Volts 


t.atio  of 
react- 
ance to 

Drop'  factors  for  power  factors  of  (current  lagging) 

• 

resist- 
ance 

100% 

9S% 

90% 

8S% 

80% 

70% 

60% 

40% 

20% 

O.IO 
0.20 
0.30 

0.40 

o.so 

0.60 
0.70 

0.80 
0.90 
1. 00 

1. 10 


1. 
1, 
I 
I, 


20 
30 

40 

50 


1.60 
1.70 
1.80 
1.90 

2.00 
2.10 
2.20 
2.30 

2.40 
2. SO 
2.60 
2.70 

2.80 
2.90 
3-00 
3.I0 

3.20 

3-30 

3.40 

3.50 
3.60 
3:70 


.00 
.00 
.00 

.00 

.00 
.01 

.02 

.02 
.03 

.04 

•  OS 

.06 
.07 
.08 
.10 

.10 
.13 

•  IS 
.17 

.18 
.20 

.22 
.23 

•25 

.27 

.30 
.32 

35 
.37 
.40 

.42 

•45 

.48 

SI 

.53 

•57 
60 


.00 
.01 
.05 

.08 
.11 

.15 
.18 

.21 

.25 
.28 
.32 

.35 
.39 
.43 

.47 

.51 
.55 
.59 
.63 

.68 
.72 

.77 
.82 

•  87 
.91 
.95 
.99 


2.05 
2.10 
2.15 
2.20 

2.26 

2.31 
2.36 

2.42 

2.47 
2.52 


.00 

.01 
.05 

.10 
.14 
.18 
.23 

.28 
.33 

.37 
.41 

.46 
•  SI 
.55 
.60 

.65 
.70 
.76 
.82 

.87 
.92 
.98 
.03 


2.09 
2.14 
2.20 
2.26 

2.32 
2.39 

2.45 
2.51 

2.57 
2.63 
2.69 

2.74 
2.80 
2.86 


0.94 
0.98 
1.02 

1.08 
1. 13 
1. 19 
1.24 

1.29 
1.34 
1.39 
1.44 

1.50 

1. 55 
1. 61 
1.67 

1.74 
1.79 
1.85 
1. 91 

1.96 
2.03 
2.09 
2.15 

2.22 
2.28 

2.34 

2.41 

2.47 
2.54 
2.60 
2.66 

2.73 
2.80 
2.87 

2.94 
3  00 

3  07 


0.88 
0.92 
0.99 

1.04 
1. 10 

1. 15 

1. 21 

1.28 
1.34 

1.40 

1.45 

1. 51 
1. 57 
1.64 

1.70 

1.77 
1.84 

1. 91 
1.98 

2.04 
2.10 
2.17 
2.23 

2.30 

2.37 

2.44 
2.51 

2.57 
2.64 
2.72 
2.80 


2 
2 

3 

3 
3 
3 


.87 

93 

,00 

,08 
IS 
23 


O 
O 

o 

I 
I 
I 
I 


,80 
.86 
93 

.00 

07 

14 
,20 


1.27 

1.35 
1. 41 
1.48 

1.55 
1.62 
1.70 
1.77 

1.85 
1.92 
1.99 
2.06 

2.14 
2.21 
2.29 
2.37 

2.44 
2.52 
2.60 

2.68 

2.76 
2.83 
2.90 
2.97 

3.05 
3.12 
3.20 

3.27 
3-35 
3.43 


0.70 
0.82 
0.89 

0.93 

1.  01 

1.09 
1. 17 

1.24 
1.32 
1.39 
1.47 

1.54 
1.63 
1. 71 
1.80 

1.87 
1.95 
2.04 

2.  II 

2.19 
2.28 

2.37 
2.4s 

2.53 
2.60 

2.67 

2.74 

2.82 
2.91 
3.00 
3.10 

3.20 
3-30 
3.39 

3.48 
3-S6 
3.65 


0.60 
0.67 
0.74 

0.82 
0.92 
1. 01 
I. II 

1.20 
1.29 
1.38 
1.46 

1.55 
1.64 
1.72 
1. 81 

1.90 

1.99 
2.08 
2.16 

2.25 
2.35 
2.45 
2.53 

2.62 

2.71 
2.80 
2.98 


.07 
IS 

.23 
31 

.39 
_.47 
3.56 

3.65 
3.75 
3.85 


3 
3 
3 
3 

3 
3 


0.30 
0.40 
0.50 

0.60 
0.70 
0.80 
0.91 

1. 01 
I. II 
1.20 
1.30 

1.40 
1.49 
1.59 
1.70 

1.80 
1.90 

1.99 
2.08 

2.18 
2.28 
2.38 
2.48 

2.58 
2.67 
2.76 
2.86 

2.95 
3. OS 
31S 
3.25 


3 
3 
3 


35 
45 
54 


3.63 

3.72 
3  80 
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Calculation  of  Power  Loss  and  R^;ulation  for  Tbree-pluM^ 
Three -wire  Line.  The  power  loss  and  regulation  for  a  given  th~~" 
phase,  three-wire  line  having  its  wires  at  the  vertices  of  an 
lateral  triangle  are  equal  to  those,  respectively,  for  a  single-^ 
two-wire  line  of  the  same  size  of  wire  and  the  same  spacing 
supplying  a  load  equal  to  one-half  that  supplied  by  the  given 
phase  line. 

Example:  To  find  the  power  loss  and  the  per  cent,  regul 
in  a  three-phase,  three- wire  line  60,000  ft.  long  composed  of  No. 
A.W.G.  (B.  &  S.)  hard-drawn  solid  copper  wire  delivering 
kw.  at  the  receiver;  conductors  at  the  vertices  of  an  equU 
triangle  and  spaced  36  in.;  frequency,  60  cycles  per  s€ 
electromotive  force  at  receiver,  22,000  volts;  power  factor 
receiver,  0.90  (current  lagging). 

Solution:    The  power  loss  and  per  cent,  regulation  in  the 
will  be  equal  to  the  power  loss  and  per  cent,  regulation,  r€sp 
in   delivering    2000   kw.   at   the   receiver     over  a  single-p] 
two-wire   transmission  line   60,000  ft.  long  composed  of  No. 
A.W.G.  (B.  &  S.)  hard-drawn  solid  copper  wire;  spacing  of 
ductors,  36  in.;  frequency,  60  cycles  per  second;  electromotive fi 
at  receiver,  22,000  volts;  power  factor  at  receiver,  0.90  (c 
lagging).    Solving   this  single-phase  line  the  loss  is   155.7 
and  the  regulation  is  9.5  per  cent.    That  is,  the  loss  and  reg 
in  the  above  three-phase  line  are  155.7  kw.  and  9.5  per 
respectively. 

Positive  Feeder  System 

The  design  of  distribution  feeders  and  the  location  of 
stations  must  be  considered  together  in  determining  the  best 
bution  system  for  any  particular  track,  equipment  and  conditi 
traflftc.    There  is  no  general  method  of  locating  substations 
designing  distribution  feeders.    Each  system  must  be  dealt 
according  to  its  particular  requirements  and  limitations.    A  cl 
in  track,  equipment,  condition  of  traflftc,  any  or  all  of  them,  may 
be  sufl5cient  to  justify  a  relocation  of  substations  unless  the 
able  substation  be  used,  but  may  be  such  as  to  necessitate  a 
design  of  feeders.    It  should  be  noted  that  the  use  of  the 
substation  demands  a  provision  for  ample  transmission  supply  t^ 
point  at  which  the  substation  is  to  be  connected  to  the  transmi:  *^ 
line.    The  distribution  system  must  be  so  designed  that  the 
mum  drop  in  potential  to  cars  at  all  points  on  the  line  shall  not 
ceed  that  which  will  leave  a  sufficient  voltage  for  the  satisfa 
operation  of  traction  motors  and  auxiliary  apparatus  at  such  poinl 
In  addition  to  this,  the  conductors  must  be  of  such  a  size 
length  and  must  be  so  related  that  each  will  carry  its  share  of  cu: 
without  undue  heating.    The  original  distribution  should  be 
signed  to  fill  these  requirements  at  the  minimum  yearly  cost 
sible  for  the  particular  installation  being  investigated  and 
should  be  attempted  in  all  future  developments  of  that  installati 
In  many  cases  the  limitations  met  in  such  future  development 
prevent  the  attainment  of  such  a  low  yearly  cost  as  was  possibli 
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e  case  of  the  origmal  distributioii  at  the  beginning  of  its  operation. 
.  either  case  the  quality  of  service  required  should  first  be  consid- 
bd,  and  the  financial  considerations  made  secondary. 
The  design  of  feeders  and  the  location  of  substation  must  be 
cording  to  load  and  its  distance  rather  than  distance  alone,  thus 
r  the  same  drop  in  potential  the  distance  from  substation  to  a 
ven  load  would  have  to  be  less  than  that  with  a  smaller  load, 
lat  the  energy  be  delivered  with  no  greater  than  the  maximum 
owable  drop  in  potential  must  be  the  first  provision.  That  is, 
e  energy  must  be  delivered  at  a  potential  at  least  suflScient  to 
fselerate  the  trains,  enable  them  to  climb  grades,  operate  auxiliary 
i^aratus  such  as  air  compressors  and  contactors  and  furnish 
tisfactory  lights,  heat  and  ventilation. 

A.  graphical  train  schedule  (see  page  137)  is  usefid  in  the  study 
an  interurban  distribution  system.  Tliis  shows  the  location 
d  speed  of  trains  at  any  and  all  parts  of  the  day,  it  also  shows 
B  location  of  stations,  turnouts,  grades  and  ciurves.  Trolley, 
der,  transmission  line  layouts  and  substation  locations  may  be 
lied  to  the  graphical  schedule  for  convenience  in  the  future. 
Itun  the  schedule  the  condition  of  regular  traffic  which  will  cause 
ft  greatest  drop  in  potential  may  be  approximated.  The  condi- 
R  of  greatest  demand  upon  a  given  substation  may  also  be 
^roximated  from  the  schedule. 

Where  local  regulations  require  that  an  insulated  return  such  as 
\y  be  provided  by  a  double  trolley  or  conduit  system  shall  be 
^,  the  supply  and  return  portions  of  the  distribution  are  gener- 
y  designed  alike.  Where  the  track  rails  are  used  for  a  return, 
t  supply  feeders  must  be  so  designed  that  the  potential  drop  in 
&  supply  feeders  shall  not  be  greater  than  the  difference  between 
e  total  allowable  drop  from  substation  to  car  and  the  drop  in  the 
%ck  return. 

pistribution  systems  divide  into  two  general  classes,  namely, 
lETurban  and  city.  » These  classes  are  characterized  by  the  fre- 
{gncy  of  service.  The  interurban  distribution  must  be  designed 
limit  the  maximum  drop  to  starting  trains  or.  trains  operating 
der  very,  severe  grade  conditions.  In  city  distribution  where 
t  current  required  to  start  an  individual  train  alters  the  average 
vent  but  slightly,  the  distribution  is  designed  for  the  average 
^ent  demanded  by  the  trains  of>erating  on  the  section  under  con- 
l^ration.  Such  design  will  be  further  influenced  by  concentrated 
li.  loads  of  considerable  duration. 

rhe  position  and  equipment  of  substations  will  often  be  deter- 
ned  by  prominent  load  centers  together  with  real  estate  and  other 
aness  conditions  peculiar  to  the  problem  in  hand.  Where,  how- 
!V»  there  is  not  such  a  guide  it  may  be  necessary  to  decide  upon  the 
ftibtr  of  substations  necessary  to  feed  the  section  under  considera- 
tib     The  number  of  stations  with  which  there  will  result  the  least 

annual  cost  will  in  this  case  be  the  best.    This  may  be  decided 

by  calculating  the  total  annual  cost  for  each  of  several  num- 
of  stations.     For  convenience  in  arriving  at  this  total^  cost  the 

of  each  of  the  eight  following  parts  may  be  determined  and 

added  together: 
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1.  Annual  charges  on  substation  buildings  and  land. 

2.  Annual  charges  on  substation  equipment. 

3.  Annual  charges  on  distribution  conductor    (feeders,   trolley 
wire,  third  rail,  their  supports,  etc.). 

4.  Annual  charges  on  transmission  system. 

5.  Annual  cost  of  substation  attendance. 

6.  Annual  cost  of  substation  losses. 

7.  Annual  cost  of  losses  in  distribution  conductors. 

8.  Annual  cost  of  transmission  losses. 

Mr.  H.  F.  Parshall,  British  Institution  of  Civil  Engineers,  19141 
draws  the  following  conclusions  fcom  an  elaborate  study  based 
largely  upon  operating  costs  of  the  Central  London  Railway. 
They  illustrate  briefly  the  influence  of  the  important  factors  whici' 
determine  the  cost  of  a  distribution -system.  With  the  given  energv' 
consumption  per  unit  of  length  of  line  that  follows  from  a  p^t" 
train  movement,  the  capacity  of  the  substations  increases  diwti)* 
with  the  distance  between  them.  The  energy  loss  in  distrib^ 
conductors  of  a  given  section  varies  with  the  cube  of  the  disunp 
between  substations.  The  cost  of  attendance  is  within  wide  liDfl^ 
independent  of  the  size  of  the  substation.  The  cost  of  the  plant 
per  kilowatt  falls  off  with  the  size  of  the  units,  but  the  maintenance] 
and  renewals  per  kilowatt  are  more  or  less  constant.  With  rotaiy! 
converter  substations  and  a  working  voltage  of  600,  and  for  certain! 
assumed  energy  consumption,  the  most  economical  substatki 
spacings  are  8H  miles,  5H  miles  and  3H  miles  for  train  service  (i 
six,  twelve  and  twenty-four  trains  per  hour,  respectively.  Fori 
working  voltage  of  1 200,  the  substation  spacings  are  1 1  miles,  A 
miles  and  5  miles,  respectively,  while  when  2400  volts  are  adoptw 
the  most  economical  substation  spacings  are  16  miles,  12  mil^ 
and  Sh  miles  for  the  three  train  services,  respectively.  Withlif' 
present  arrangement  of  rotary  converter  substations,  there  is  lil^ 
advantage  in  a  higher  voltage  than  2400  for  the  track  conduct* 
The  economy  of  higher  voltages. is  shown  to  be  approximately  tfc< 
same  whatever  the  train  service.  As  between  600  volts  and  iJo< 
volts  there  is  a  saving  of  14  per  cent,  in  the  total  annual  costs  ^ 
the  distribution  system;  as  between  1200  volts  and  2400  volts  thtf 
is  a  further  saving  of  7  per  cent,  or  21  per  cent,  as  between  6fl 
volts  and  2400  volts.  If  the  working  voltage  is  further  incr 
to  3600,  there  is  a  decrease  in  total  annual  expenditure  on  subst 
and  overhead  conductor  equipment  of  only  3  per  cent.,  which 
be  less  than  the  additional  cost  of  the  rolling  stock.  For  si 
phase  distribution  at  5000  volts  the  most  economical  subst 
spacings  are  31  miles,  24  miles  and  16  miles  for  train  servio 
two,  three  and  six  trains  per  hour,  respectively.  At  10,000 
single-phase,  the  most  economical  substation  spacings  are  45 
34  miles  and  26  miles  for  the  same  three  train  services,  respecti 
With  three-phase  distribution  at  5000  volts,  the  most  econoi 
distances  between  substations  are  38  qpdles,  31  miles  and  18 
for  the  same  respective  train  services.  In  most  of  these  last 
however,  the  economical  distance  between  substations  thus  d 
mined  is  greater  than  would  be  permissible  in  practice  from 
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siderations  of  both  traffic  operation  and  voltage  drop.  Further, 
in  the  case  of  the  single-phase  operation,  the  lower  pressure  of 
5000  volts  is  found  to  be  the  most  economical  for  certain  services 
and  the  higher  pressures  of  10,000  volts,  12,000  volts  and  15,000 
volts  in  vogue  in  Europe  are  explained  by  consideration  of  voltage 
drop. 

Mr.  W.  S.  Murray,  in  commenting  on  the  above  quoted  paper, 
points  out  that  Mr.  Parshall  has  assumed  a  power  factor  for  the 
single-phase  distribution  of  from  40  to  45  per  cent.  Mr.  Murray 
states  that  this  is  but  little  more  than  one-half  of  that  which  would 
obtain  in  actual  practice  and  points  out  that  the  single-phase 
substation  spacing  should  be  considerably  greater  than  that  given 
in  Mr.  Parshall's  paper  if  the  proper  power  factor  and  the  same 
size  train  units  are  assumed. 

City  Distribution  System.  The  design  of  a  dty  distribution 
system  may  be  well  outlined  by  a  typical  case,  namely,  the  rehabili- 
tation of  the  Chicago  surface  lines.  The  following  is  from  the 
Second  Annual  Report  of  the-  Board  of  Supervising  Engineers, 
Chicago  Traction: 

"It  was  the  sense  of  the  Board  that  the  direct-current  feeder 
copper  for  the  Chicago  Railways  Company  and  the  Chicago  City 
Railway  Company  should  be  figured  on  a  basis  of  75  amperes  per  car 
between  the  direct-current  bus  bars  of  substations  or  power  houses, 
and  the  point  of  delivery  at  the  car;  it  being  understood  that  it  is 
the  intention  of  both  roads  to  carry  the  voltage  somewhat  lower 
than  600  volts  at  the  station  bus  bars  until  such  time  as,  through 
the  elimination  of  low  voltage  motors  and  otherwise,  they  are 
able  to  raise  the  voltage  to  600  volts.  After  discussion  the  follow- 
ing resolution  was  unanimously  adopted : 

^*  Resolved,  That  the  system  of  secondary  or  direct-current  elec- 
trical conductors  or  feeders  for  the  Chicago  Railways  Company  and 
the  Chicago  City  Railway  Company  shall  be  calculated  and  plans 
made  therefor  by  the  Chief  Engineer  of  the  Work  on  the  following 
basis: 

"i.  That  the  direct-current  bus  bar  at  power  houses  or  sub- 
stations will  be  operated  at  approximately  600  volts. 

"2.  That  an  allowance  of  40  kw.  in  power  house  and  sub- 
station capacity  for  each  standard  double  truck  car  of  the  type 
approved  by  the  Board  of  Supervising  Engineers,  weighing  approxi- 
mately 26  tons  light,  or  its  equivalent,  will  be  provided  at  each 
direct-current  bus  bar. 

"3.  That  in  calculating  the  copper  for  current-carrying  capacity 
an  allowance  of  75  amperes  for  each  standard  double  truck  car,  as 
described  above,  or  its  equivalent,  shall  be  allowed. 

"4.  That  an  average*  drop  of  50  volts  will  be  allowed  between 
the  direct-current  bus  bars  and  the  center  of  gravity  of  the  trolley 
section,  due  provision  being  made  for  suitable  tie  lines  to  take  care 
of  emergency  cases. 

"5.  That  the  carrying  capacity  of  insulated  underground  cables 
ihail  be  calculated  upon  the  following  basis: 

•  This  refers  to  the  average  maximum  for  the  a-hour  morning  and  even- 
cng  rush  periods.     In  majority  of  cases  the  drop  is  less  than  50  volts. 
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Lead 
covered 

Paper 
covered 

Triple  braid- 
ed*weather- 
proof 

1, 000,000  circ.  mils  cable  amp.. . 
500.000  circ.  mils  cable  amp.. . 
350,000  circ.  mils  cable  amp.. . 
a/o  cable  amiseres 

800 
500 

37S 

1000 
600 
42s 

1250 
625 

325 
32s 

«' 


In  arriving  at  the  kilowatts  and  amperes  per  car  stated  in  tk 
foregoing  resolution  a  series  of  tests  was  made  jointly  by  represeotir 
tives  of  Uie  Chicago  City  Railway  Company,  the  Chicago  Railways 
Company  and  the  Division  of  Electrical  Transmission  and  Distribu- 
tion. 

''Tests  were  first  made  upon  a  single  car  by  equipping  it  ^ 
instruments  and  stationing  observers  upon  it  to  record  the  resdl 
in  actual  operation  on  different  kinds  of  service. 

''Tests  were  also  made  upon  groups  of  eighteen  to  seventy-ai 
cars  operating  on  an  isolated  trolley  section  of  a  mile  or  more  i& 
length  by  stationing  observers  to  note  the  cars  entering  and  leaf*' 
ing  the  section  and  also  to  take  readings  on  station  switchboards  tf 
the  current  and  voltage  on  the  feeders  to  the  sections  at  is-secow 
intervals.  J 

Tests  on  Single  Car,  Car  tested:  Chicago  City  Railway  Coil 
pany's  Pay-as-you-enter  car  No.  5446.  Scale  weight:  SS,8oo& 
or  27.9  tons.  Motor  equipment:  Four  40-h.p.y  No.  G.  E.-^* 
motors.  Motor  control:  No.  K-28-E.  Gear  ratio:  69:17* 
4.06  : 1  with  33-in.  wheels.  Air  brakes:  With  i6-ft.  compressor sA 
for  range  of  60  to  85  lb.  Heaters:  Electric,  consisting  of  14  trtf 
plank  heaters,  4  panel  heaters,  2  platform  heaters.  LightinC! 
Eighteen  i6-c.p.  side  lights,  three  32-c.p.  center  lights,  one  i6-c|| 
platform  light,  one  32-c.p.  headlight.  ^ 

Summary  or  Fifteen  Tests  on  Single  Car,  May  28  to 

June  i,  1908 


Minimum 


Maximum 


AveriflS 


Passengers,  crew  and  observers 

Weight  in  tons,  car  and  live  load 

Schedule  speed  in  miles  per  hour 

Volts  at  car 

Heater  energy,  kw.: 

First  point  (s  tests) 

Second  point  (s  tests) 

Third  point  (6  tests) 

Lighting  energy,  kw.  (s  tests) 

Total  energy,  kw.  at  car: 

Motors  and  compressor. 

Motors,  compressor  and  lights 

Same  with  i  point  heat 

Same  with  2  points  heat 

Same  with  3  points  heat 

Amperes  at  550  volts   at   car  motors, 

compressor,  lights  and  2  points  heat. 


17.0 
29.09 
7.69 
450.0 

2.86s 
5.006 
7.62 
1.603 

2S.21 
29.82 
32.69 
34- S3 
37.56 

63.33 


63.0 

32.31 
11.04 
545.  o 

2.89 
SOis 
7.79 
i.6ia 

46.50 
48.11 

50.98 
53.12 
55.6$ 

96.58 


30.4 
30.03 
8.91 
494.0 

a. 87 
SOI 

7.74 
1. 61 

37.  l> 
38.JI 
41.61 
43-81 
46.54 

79.66 
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Summary  op  Section  Tests,  June  ii,  1908 
Two  Hours  Maximum  Service 


Minimum     Maximum 


Average 


Number  of  cars  on  section 

Amperes  to  section  at  station 

Amperes  per  car  at  station 

Adding  10  per  cent,  for  winter  load. . . . 
Adding  12  amperes  for  lights  and  2 

points  heat 

Kw.  at  station 

Adding  10  per  cent,  for  winter  load. . . . 
Adding  6.62  for  lights  and  2  points  heat. 


23.3 
1686 . o 

49.4 
S4-3 

66.3 
27.  S 
30.3 
36.9 


75.7 

4076 . 0 

80.2 

88.2 

100.2 
44.0 

48.4 
SSO 


62.7 
3430.0 

5545 
61.00 

73  00 

32. 5 
35. 8 

42.4 


"It  was  assumed  that  the  average  maximum  condition  for  which 
feeders  should  be  provided  would  be  when  a  car  was  operating  with 
motors,  compressor,  lights  and  two  points  on  heaters.  On  this 
basis  the  individual  and  section  tests  compare  as  follows  per  car: 


Minimum 


Maximum 


Average 


Individual  car  tests: 

Kw.  at  car 

Amperes  at  car 

Section  tests: 

Kw.  at  station. . . . 

Amperes  at  station 


34.83 
63.33 

36.9 
66.3 


53.12 
96.58 

55. o 
100.2 


43.81 
79.66 

42.4 
73.0 


"The  calculations  for  feeder  requirements  for  the  Chicago  City 
Railway  system  are  briefly  outlined.  This  system  is  used  because 
the  calculations  have  been  practically  completed  during  the  year. 

"i.  From  the  proposed  operating  schedules  the  total  number  of 
cars  which  were  required  during  the  "rush"  hours  was  distributed 
and  plotted  upon  a  skeleton  map  of  the  system,  which  is  called  a 
*  Spot  Map.'  The  afternoon  maximum  period  is  usually  the  heav- 
iest service  period,  so  that  the  car  distribution  for  2  hours  of  what 
is  styled  the  *P.  M.  Rush'  was  used  on  this  map. 

"  2.  The  trolley  sections  were  then  drawn  and  the  number  of  cars 
on  each  multiplied  by  75,  which  gives  the  total  average  maximum 
load  for  each  individual  trolley  section  in  amperes.  This  amount 
was  placed  in  a  small  circle  at  the  center  of  gravity  of  the  trolley 
section. 

"3.  A  study  WAS  then  made  of  the  proper  location  of  stations. 
The  best  probable  locations  were  selected  and  a  calculation  of  load 
centers  was  made  by  finding  the  combined  center  of  gravitv  of  the 
loads  about  a  given  station.  If  a  given  system  was  to  be  fed  by  a 
sbgle  power  house,  the  sjrstem  load  center  was  also  determined, 
which  showed  the  most  economical  location  so  far  as  distribution 
of  copper  was  concerned  for  the  generating  station.  If  the  loca- 
tions chosen  were  not  the  most  economical  for  distribution  of  copper, 
studies  were  made  of  comparative  costs  for  other  locations  where  the 
company  might  have  property  or  where  real  estate  for  substation 
purposes  might  be  obtained  to  advantage. 

"4.  After  the  station  locations  were  definitely  settled  and  the 
sections  to  be  fed  from  each  station  were  decided  upon,  a  'spider 
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"6.  The  size  of  each  feeder  was  then  calculated  in  accordance 
with  the  requirements  of  Resolution  No.  562  (page  735).  The 
known  elements  are: 

A.  Load  in  amperes. 

B.  Distance  in  feet. 

C.  Drop  in  potential,  50  volts  more  or  less. 

D.  Unit  sizes  of  cables  and  carrying  capacity  of  each. 

From  these  the  size  of  cable  was  calculated  or  read  directly  from 
the  curves  without  calculation  (see  Fig.  75). 

"  7.  A  certain  number  of  the  more  important  trolley  sections  are 
fed  from  two  separate  stations  in  such  a  way  that  in  case  of  the  shut- 
down of  one  station  or  of  accident  to  one  feeder,  the  cars  on  the  sec- 
tion could  still  be  operated  from  the  other  station,  or  by  means  of  the 
other  feeder.  These  are  designated  as  'tie-sections'  and  in  addi- 
tion to  the  above  advantages,  are  so  proportioned  and  calculated 
that  on  the  whole  system  in  case  of  the  shut-down  of  one  or  two 
stations,  a  certain  proportion  of  the  cars  can  be  carried  on  the  re- 
maining stations  by  interconnecting  through  these  tie  lines. 

"8.  Where  the  ordinances  required  feeders  to  be  placed  under- 
ground, it  was  necessary  to  lay  out  underground  conduit  lines.  A 
diagram  is  used  for  this;  the  number  of  cables  over  a  given  section 
being  represented  arbitrarily  by  the  numerator  of  a  fraction,  and 
the  niunber  of  ducts  by  the  denominator.  Extra  ducts  are  installed 
in  all  conduit  lines  where  practicable,  to  provide  for  future  growth 
^thout  testring  up  pavements.  The  percentage  of  extra  ducts  will 
vary  for  different  locations,  depending  upon  the  estimates  of  future 
requirements." 

Feeder  Calculations 

Significance  of  symbols  in  following  Cases  I  to  X,  inclusive: 

{CM.),  {C,M.)i,  {C.M.)2  ~  cross-sectional  area  of  conductor  at 
20  deg.  C.,  68  deg.  F.,  expressed  in  circular  mils.  [Note  :  This  may 
be  the  cross-sectional  area  of  one  solid  conductor  or  the  combined 
•cross-sectional  areas  of  two  or  more  conductors  of  eqtial  length 
operating  in  parallel  to  give  the  equivalent  cross-sectional  area  of 
one  large  conductor.  This  includes  the  case  of  combined  working 
conductor  (troUey  wire  or  third  rail)  and  feeder  tied  together  at 
short  intervals.] 

«,  «o,  Cb  =  potential  drop  in  feeder  as  indicated  below,  volts. 

/  =  total  current  uniformly  distributed  along  sec- 
tion, amp>eres. 

la  and  h  —  current  taken  from  conductor  at  points  a  and 
h,  respectively,  amp>eres. 

^A.  ^B,  /i,  /j,  1 1  =  current  as  indicated  below,  amperes. 

K  =  direct  current  resistivity  of  conductor,   ohms 
per  circular  mil  foot. 
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K  ohms  at  20 
deg.C.,68deg.P. 

International  Annealed  Copper  Standard,  solid 10.37 

International  Annealed  Copper  Standard,  stranded 10. 5S 

Hard-drawn  copper,  approximate  average,  solid 10.65 

Hard-drawn  copper,  approximate  average,  stranded 10. S6 

Hard-drawn  aluminum,  average,  solid 16.4 

Hard-drawn  aluminum,  average,  stranded 16.7 

Siemens  Martin  steel,  stranded ii9-7 

Third  rail  or  slot  contact  rail,  steel 83-0 

Note:  This  is  for  steel  of  a  resistivity  eight  times  that  of  the  Intoi* 
tional  Annealed  Copper  Standard.  See  page  679.  For  sizes,  weights  and  re- 
sistances of  bare  solid  and  stranded  copper  and  stranded  alummum  see 
tables  on  pages  753  to  756. 

/,  /i,  /2,  hi  hi  h  =  length  as  indicated  below,  feet, 
f,  f ii  f 2,  f »,  fA,  fi  =  resistance  per  foot  of  conductor,  ohms. 

R  =  resistance  per  foot  of  track  (two  rails)  retm, 
ohms. 
5,  Sly  S2  =  source   of    supply,   this    may   be    generatiai 
station,  substation  or  another  feeder. 
Case  I.     (Fig.  74.)     Load  concentrated  at  a  point  on  conducts 
t ^  of  imiform  cross-section. 


d) 


^  (CJf .)  =  ''^^ 


Pig.  74.  ^« 

(Volts  drop  to  point  a)  —  €a  =  lafl.  | 

Curves  for  Calculating  Drop  and  Capacity  of  Feediers.  Fig.  W 
gives  curves  by  which  the  solution  of  problems  of  Case  I  mayi* 
rapidly  approximated.  These  curves  are  plotted  for  copper  haviat 
a  resistance  of  10.56  ohms  per  circular-mil  foot.  By  the  applicatifli 
of  proportion  they  may  be  used  for  other  resistivities.  The  follof- 
ing  examples  illustrate  the  use  of  the  curves: 

(a)  Find  the  drop  on  a  500,000  cir.-mil  cable,  5000  ft.  loil 
and  carrying  450  amperes.  Follow  the  5000-ft.  ordinate  up  totk 
500,000  cir.-mU  radial  line,  then  horizontally  imtil  the  4S0-ii>' 
pere  ordinate  is  crossed.  This  intersection  at  47.5  gives  the  v«fe 
drop. 

(b)  Find  the  circular  mils  cross-section  of  a  cable  to  carry  800  aifr 
peres  8000  ft.  with  30  volts  drop.  Follow  the  800-ampere  ordiMtt 
up  to  the  30-volt  line,  then  horizontally  until  the  8o<x>-ft.  ordinate 
is  crossed.  The  location  of  this  intersection  gives  the  size  tf 
2,250,000  cir.  mils. 

(c)  Find  the  distance  a  1,500,000  cir.-mil  cable  will  carry  6flj| 
amperes  with  a  40-volt  drop.  Follow  the  600-ampere  ordinajj 
to  the  40-volt  curve,  then  horizontally  to  the  1,500,000  cir.-w 
line.  The  ordinate  through  this  line  gives  the  distance  as  9350  ft 
*  Case  n.  (Fig.  76.)  Load  concentrated  at  a  point,  two  conduc- 
tors of  different  cross-section  in  series.  (Note  :  This  solution  is  cofr 
venient  when  the  size  of  conductor  as  determined  by  Case 
tween  two  sizes  available  and  it  is  desirable  to  so  construct 
line  that  the  drop  to  point  a  will  be  equal  to  that  for  the 
wire  as  determined  by  Case  I.) 

J         ^o  —  laf^ 
n  =  -y J — 
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/, - 


ea  —  laTil 


also 


Iar2  —  IqTi 

12  ^^  I  —  ll 


0 


-I- 


^l2-^» 


Pig.  76. 


2 


Case  in.     (Fig.  77.)    Total  load  of  /  amperes  uniformly  dis- 
tributed, conductor  of  uniform  cross-section. 

(CM.)  =  i§ 
(Volts  drop  to  end  of  section)  =  «  =  — 


-1- 


©mrrrTTTi 


Fig.  77. 

Case  IV.     (Fig.  78.)     Load  concentrated  at  a  point,  conductois 
as  in  Fig.  78. 

(Volts  drop  to  point  fl)  = 


-/ah 


3/3  +  ^4/ 


(Amperes  in  conductor  A)  = 

-I^j 


)\ 


.^^ 


Insulator^. 


IH 


r 


-t 


y 


-^K--li-> 


(Amperes  in  conductor  B)  = 


Fig.  78. 


^2/j 


also 


(^2/2  +  rs/a  +  Ta^ 

IB  =  la  —  I  A. 


3] 
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is  proportional  to  the  average  current,  then  the  limitation  of  the 
average  voltage  is  more  logical  than  the  limitation  of  the  peak  load 
voltage,  since  in  the  former  case  the  cost  of  meeting  the  voltage 
limitation  in  any  given  case  is  proportionate  to  the  danger  involved 
irrespective  of  the  station  load  factor;  whereas  if  the  voltage  at  peak 
load  is  the  determining  factor,  the  cost  of  compl)dng  with  the 
requirement  depends  not  only  on  the  danger  involved,  but  on  the 
load  factor  of  the  system,  and  the  poorer  the  load  factor,  the 
greater  its  cost  will  be.  The  rate  of  damage  does  not  increase  as 
fast  as  the  voltage  increases,  because  of  the  tendency  toward  lower 
corrosion  efficiencies  at  higher  current  densities.  This  indicates 
that,  with  a  given  average  all-day  current,  the  actual  amount  of 
electrolysis  that  would  occur  would  be  less  with  a  bad  load  factor 
than  with  a  good  load  factor,  and  hence  points  to  the  undesirability 
of  penalizing  a  high  peak  of  short  duration.  It  would  appear  very 
much  more  logical,  therefore,  in  so  far  as  the  damage  itself  is  con- 
cerned, to  make  the  average  all-day  voltage  the  basis  of  the  limi- 
tation rather  than  the  voltage  at  time  of  peak  load." 

Methods  of  Reducing  Earth  Potentials  and  Currents  thus  Miti- 
gating Electrolytic  Corrosion 

The  methods  which  have  been  most  often  used  with  success  in 
this  country  to  reduce  earth  potentials  and  currents  have  been 
three;  the  insulated  negative  return  feeder  system,  the  insulating 
joint  system,  and  the  drainage  system. 

Instdated  Negative  Return  Feeder  System.  In  this  system  the 
tracks  are  drained  of  current  at  radially  dispKJsed  points  about 
the  power  station  by  insulated  negative  return  feeder  cables.  The 
negative  bus  bar  is  not  connected  to  the  tracks  nor  to  ground  in 
the  vicinity  of  the  power  station.  Pressures  as  nearly  equal  as 
are  required  may  be  maintained  at  the  track  end  of  the  return 
feeders  by  the  use  of  rheostats  on  short  feeders  and  boosters  on  long 
ones,  or  by  greatly  increasing  the  amount  of  copper  in  long  feeders 
without  the  use  of  boosters  or  rheostats.  The  cost  of  the  system 
increases  very  rapidly  as  the  permissible  maximum  variation  be- 
tween the  various  portions  of  the  track  decreases.  In  a  few  Ameri- 
can cities  insulated  negative  return  feeders  have  been  installed  in  a 
portion  of  the  city  so  as  to  secure  an  equipbtential  condition  of  the 
track  in  an  arek  Where  the  amount  of  underground  cables  or 
pipes  subject  to  damage  is  the  greatest.  This  method  is  feasible 
and  most  oftfen  used  where  the  tailWay  company*s  pbwfer  station 
or  substation  is  located  very  close  to  the  center  of  distribution  of  a 
system  composed  of  several  or  many  lines  radially  disposed  about 
the  center  of  distribution.     (See  page  746.) 

The  insulating  joint  system  requires  that  cable  sheaths  or  piping 
systems  should  have  insulating  joints  at  frequent  intervals.  If  the 
insulating  joints  be  sufficiently  numerous,  this  system  may  give 
good  results,  but  there  is  some  difficulty  in  applying  them  to  an 
extensive  system  o!  underground  cables,  especially  where  the 
number  of  manhole^  is  lafge  and  manholes  crowded.    Uiile'gis  the 
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cross-section  (C.Af  .)i  having  a  resistance  of  r*  ohms  per  foot  itm 
source  St  to  point  a,  source  of  supply  at  each  end  of  conductor 
sources  of  supply  at  the  same  potential,  track  return  aiwumfd  to 
be  of  uniform  resistance  (R  ohms  per  foot).  , 

(Volts  drop  to  point  a)  -■  I 

,   .  7   r^     n/i/«(r«  +  R)         1 

"       "  Uiin  -f  /?)  +  hin  -f  R)] 

(Amperes  in  section  li  supplied  by  Si)  "■ 

,    r  h(rt  + 1?)  ^       1 

(Amperes  in  section  h  supplied  by  Si)  » 

7 . 7  r  -  ^^(^i + R) 

'        'UCn  +  i^j-f /a(ra-h 
also  If  la  ^  Ii 

Case  Vm.    (Fig.  8i.)    Load  concentrated  at  two  points,  coi^ 
ductor  of  uniform  cross-section  (having  a  resistance  of  r  ohms 
foot),  source  of  supply  at  each  end  of  conductor,  sources 
at  the  same  potential,  track  return  assumed  to  be  o 
resistance  per  toot. 


/i 


] 


Pig.  8z. 


(Volts  drop  to  point  a)  »■  ««  -  7,f/i 
(Volts  drop  to  point  ft)  -  «,,  -  /jfi, 
(Amperes  in  section  h  supplied  by  5i)  ■• 

(Amperes  in  section  h  supplied  by  5s)  ■> 

J        IJi  +  h(h  -f  /») 
7,  .  .       ..  .  ^  

also  /a  -  /tt  -h  /ft  -  /i 

(Amperes  in  section  h)  ■»  /«  ■■  /i  —  /« 

(Note:    In  case  the  value  of  7s  thus  obtained  is  minus,  this  _ 
sign  indicates  that  1$  is  supplied  by  S%), 

Case  IX.    (Fig.  8i.)    Load  concentrated  at  two  points, 
ductor  not  of  uniform  cross-section  (sections  /i, /|  and  /shai. 
resistances  of  ri,  rj  and  n  ohms  per  foot  respectively),  source 
supply  at  each  end  of  conductor,  sources  of  supply  at  the  ss 
potential,  track  return  assumed  to  be  of  Uniform  resistance 
ohms  per  foot). 

(Volts  drop  to  ix)int  «)  —  ««■  Iifih 
CVoltB  drop  to  point  6)  —  ^5  ■»  Itr^t 
(Amperes  in  section  li  supplied  by  Si)  >■ 

,     _      lahim  +  /?)   +  Wa  +Jb)(ft_±  R) 

'     hixi  +  i?)  +  h{n  +  ie)  -f  /.(f.  +  'R) 


J 
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ImpercB  In  lecdon  h  BuppUed  by  St)  •■ 

/,a.  +  W(ri  +  R)  +  W.(r,_+ i?) 
"  Un  +  R)  +  /i(r.  +  ii)  +  /.{r,  +  K) 
•0  /,-/.  +  /6  -  /, 

Lnpcret  In  iKtioii  Ji)  "  !»  —  li  —  Im 

%<yn:  In  csm  the  value  ot  /|  thus  obtained  U  minu«,  thin  minui 
|n  indicates  that  />  ii  supplied  by  S,). 

Cu«  I,  (Pig.  89.^  Total  load  of  /  amperes  uniformly  <lli- 
ibuted.  conductor  ol  uniform  croiw- section,  sourre  o(  supply  at 
iCh  end  of  conductor,  source*  ol  supply  at  the  same  potential, 

®TnTTnTTTTT® 
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charges  against  the  installation.  These  curves  were  derived 
according  to  Kapp's  modification  of  Kelvin's  law,  which  is:  "The 
most  economical  area  of  conductor  is  that  for  which  the  annioE 
cost  of  energy  wasted  is  equal  to  the  annual  interest  on  that  pfrj 
tion  of  the  capital  outlay  which  can  be  considered  proportional  W 
the  weight  of  metal  used."  Example:  When  the  annual  chargs 
are  $450  per  mile  per  1,000,000  circular  mils  of  conductor  and  tte 
cost  of  energy  lost  is  $0,007  per  kilowatt  hour,  what  is  the  most 
economical  voltage  drop  per  mile  of  conductor?  Beginning  it 
$450  point  on  the  horizontal  scale,  follow  the  vertical  to  its  inter- 
section with  the  $0,007  curve.  From  this  point  follow  the  horizon- 
tal to  the  scale  on  the  left.  The  intersection  with  this  scale  shois 
that  the  most  economical  voltage  drop  per  mile  in  this  particdiJ 
case  is  20.  1 

Negative  Return  Systems 

Uniformly  Distributed  Load,  Track  Extending  in  one  Directin 
(no  Network).  The  curves  and  formulas,  Figs.  84  to  90,  indtt- 
sive,  from  a  paper  by  Mr.  G.  I.  Rhodes,  A.I.E.E.,  1907,  are  theo- 
retical, giving  convenient  comparisons  of  voltage  drop,  eartli 
currents  and  amounts  of  auxiliary  negative  conductor  necessaif, 
for  various  return  systems  in  which  the  load  is  uniformly  distribute 
over  the  whole  line  which  extends  in  one  direction  only  from  the 
power  station.  It  is  also  assumed  that  the  only  resistance  in  the 
path  of  the  earth  current  is  the  contact  resistance  between  rail  and 
ground.  This  is  a  safe  assiunption,  as  it  gives  the  highest  possible 
values  of  earth  current.  These  curves  show  that  the  way  to  obtam  a 
minimum  of  stray  current  from  the  grounded  rails  of  a  single-trolley 
electric  road  is  to  insulate  the  negative  bus  bar,  and  to  employ  two 
or  more  insulated  return  feeders  either  so  proportioned  in  resist- 
ance or  provided  with  negative  boosters  as  to  produce  equal  potah 
tials  at  their  connecting  points  to  the  rails.  The  following  sev&. 
general   cases   are   considered:  I.  No   copper  in   return    circuit 

II.  Copper  of  uniform  section  bonded  to  the  rails  at  short  intervals. 

III.  Copper  distributed  to  give  uniform  drop,  bonded  to  the  r^ 
at  short  intervals.  IV.  A  single  insulated  negative  feeder  connected 
to  rails  at  middle  of  the  line  and  at  the  power  station.  V.  A 
single  insulated  feeder  connecting  the  rails  to  the  negative  bus  bar 
only  at  the  middle  of  the  line.  VI.  Several  insulated  feeders. 
VII.  Several  insulated  feeders  with  equal  potentials  at  all  feed 
points.  In  Figs.  84  to  86,  inclusive,  the  ordinates  of  the  curves^ 
are  proportional  to  the  voltage  drop  (100  per  cent,  voltage  drop 

rr 

=  -^^  ==  drop  to  end  of  line.  Case  I)  and  the  area  beneath  the 

curve  is  a  measure  of  the  earth  or  leakage  cxurent.  | 

The  significance  of  symbols  is  as  follows: 
i  =  current  at  any  point  on  line 
/  =  total  current 

V  —  potential  at  any  point  referred  to  bus  bar  as  zero 
/  =  distance  from  power  station 
L  =  total  length  of  line 
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Lo  =  distance  to  p>omt  at  which,  with  bus  bar  insulated,  rail 
and  earth  are  at  same  potential 
r  =  resistance  per  foot  of  return 

p  =  resistance  per  cir.  mil-foot  of  copper  =  10.37  ohms 
w  —  weight  per  cir.  mil-foot  of  copper  =  0.00000302  lb. 
Si  =  equivalent  conductivity  of  track  rails  in  cir.  mils  of  copper 
Se  —  cir.  mils  of  return  copper  at  power  station 
W  =  weight  of  return  copper 
A  =  area  representing  leakage  current  with  negative  bus  bar 

grounded 
a  =  area  representing  leakage  current  with  negative  bus  bar 
insulated. 
I.  No  return  copper: 

H.  R  turn  copper  of  uniform  section: 

m.  Copper  distributed  for  uniform  drop: 
V  =  c>^  \    ^  ^  straight  line  up  to  the  point  at  which  / = ii = L 


5i  +  5c  ^ *^  *^ ^       Si  -h  5c 

but  for  values  of/  greater  than  Li, 

pi  r(x-ii)(/-Xi)    (/-ion      p/Li 

5i  L  L  2L      ]^  Si+Sc 

.     Si(sSc^  +  6SiSc+2Si^)\pTLn       _z.r  Si^     i 

^  "  2(Si  +  ScV  L  sSi  J      ^^      2  L       3(Si  +  Sc)U 

_  Si(sSc^-{-6SiSc+2Si^y  [pTL^l  ^     wSc^L 

^   "  24{Si+Scy  IsSi]  2(5i4-5c) 

IV.  Single  insulated  return  feeder  from  middle  of  line.     Con- 
nection to  rails  at  power  house: 

From/=.to/  =  f        „  =  ?i  [/ (,  _  _3|«_)  _  il] 

From  I  =  —tot  —  L 
2 


«-"' 
'-5; 


2  2L 

_  r 275c      IpTL^ 

"   U      Z2{Si  +  Sc)\2>Si 


~3Vi   \        i6(5i  +  5.V     L35.J  2 
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V.  A  single  insulated  return  feeder  from  middle  of  line.    N« 
other  connection  to  rail: 


From  I  —  oto  I  ^  - 

2 


and  from  /  =  -  to  /  =«  L 

2 
4Se  IsSi  J 


'-"^^'i^  +  as 


V  == 


el 

Si 


l2Sc  ^  SSi]  2LSi 

H)  i-W 


iL 


25J 


Lo  = 


2V7 


and  Za  =s   -      I 7=r 

2L        V^J 


PJ^'l 


I2\/3    L  25t  J 

(The  weight  of  copper  is  the  same  as  in  Case  IV) 

VI.  With  several  insulated  feeders  the  potential  cxirve  will  tak 
a  form  similar  to  that  of  Case  V  in  which  the  curve  between  aq 
two  feeders  is  a  portion  of  the  parabola  of  Case  I.  If  tiie  feedos 
are  of  uniform  size,  the  general  form  of  the  potential  curve  wil 
approach  the  straight  line  of  Case  III  as  the  number  of  feeders! 
increased  indefinitely.  With  a  single  feeder  the  area  measunl 
leakage  current  is  larger  than  for  the  case  with  the  copper  distfr 
buted  for  uniform  drop,  and  with  increasing  nxmiber  of  feedos 
this  area  will  approach  it  as  a  limit.  With  feeders  gradol  is 
size  to  give  uniform  potential  at  the  feed  points,  the  curves  will  be 
of  the  forms  in  Case  VII. 
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Pig.  84- — Potential  curves. 
Cases  I-V. 


Pig.  85.— Potential  of  negative  re- 
ferred to  bus  bar.  Case  VII. 


VII.  Several  insulated  feeders  with  equal  potentials  at  feed 
points.     In  this  case  the  uniformly  equal  potentials  at  the  ends  of 
feeders  may  be  secured  by  properly  adjusting  the  sizes  or  by  meanij 
of  negative  boosters.    By  adjustment  of  sizes,  the  pK>tenti{Ll  of  tfael 
track  must  necessarily  be  greater  than  that  of  die  bus  bar,  and  if  J 
there  is  a  solid  ground  at  the  power  station  there  will  be  a  leakage^ 
current  due  to  this  difference;  but  with  the  use  of  boosters  the 
potentials  at  the  ends  of  the  feeders  can  be  maintained  unifoim 
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ivith  the  negative  bus  bar.  For  the  best  results  with  a  given 
iumber  of  feeders  it  is  evident  that  they  must  be  connected  to 
^lie  rails  at  such  points  as  will  give  equal  maxima  on  the  potential 
rurves.    This  may  be  accomplished  in  two  ways: 

1 .  No  connection  to  rails  at  power  station,  and  distance  between 
Eeed  points  twice  the  distance  from  the  power  house  to  the  first 
point,  and  from  the  last  point  to  the  end  of  the  line  (see  Fig.  85). 

2.  Connection  to  rails  at  power  house  with  the  distance  between 
Feed  pjoints,  and  from  the  power  station  to  the  first  feed  point  equal 
to  twice  the  distance  from  the  last  point  to  the  end  of  the  line 
Csee  Fig.  86). 

I.  With  a  single  feeder  and  no  connection  at  power  house,  the 
feed  point  for  equal  maxima  will  be  at  the  center  of  the^  Kne  (see 
Fig.  85),  the  potential  curve  being  made  up  of  the  upper  portions 
of  the  parabola  of  Case  I,  also  shown  in  Fig.  85. 

With  the  bus  bar  grounded  the  area  beneath  this  curve  is 

4  L  3-5*  J 
With  two  feeders  the  feed  points  will  be  one-fourth  and  three- 
fourths  of  the  distance  from  the  power  house  and  the  area  will  be 

^     16L35.J 
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Pig.    86. — Potential   of  negative 


referred  to  bus  bar.  Case 


egativi 
s  VII. 


«  SfL 

Pig.  87. — Weight  of  copper  in 
negative  feeders. 


With  n  feeders  the  feed  points  will  be  at  — ,  —  • 

2»    2n 


2n  — •  I 
2n 


of  the  distance  from  the  power  house  to  the  end  of  the  line,  making 

I    \plLn 


A  = 


4»' 


L157J 


a.  With  one  feeder  the  point  of  connection  to  the  rails  will  be  at 
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With  two  feeders  the  point  of  connection  will  be  at  /  =  ?iL, 
fiL,  making 

With  n  feeders  the  feed  points  will  be  at  /  =  ; —  L, r- 

2»  -f  I       2»  + 


2n 


2»  -f  I 


L,  making 


Making  a  connection  to  the  bus  bar,  in  addition  to  u^ng  feedc 

has  the  effect  in  the  equation  A  =  — z  I  — ^  I  of  increasing 

4"  ^  L  3^*  A 
number  by  H  a  feeder.    This  will  explain  the  points  as  the  c 

in  Fig.  90  oi}iy  iH  ,  2H  feeders,  etc. 

If  the  bus  bar  is  insulated,  the  equation  for  area  represent 

leakage  current  is  a  = ■=:—    — rr  I 

Cross-section  of  Copper  at  Power  Station,  Fig.  87  gives 
cross-section  of  the  copper  at  the  power  station  in  the  several  cas 
to  give  equal  weights  of  copper,  the  unit  of  weight  being  wSi 
or  a  weight  of  copper  of  length  Z,  which  gives  a  conductivity  eqi 
to  that  of  the  rails. 

Leakage    Current,     Fig.  88   gives  the  relative  leakage   cui 

for  the  several  cases  (in  which  the  bus  bar  is  grounded)  plotted 
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Pic.  88. — Relative  earth  current 
negative  bus  grounded. 


Fig.  89. — ^Relative  earth  current, 
negative  bus  insulated. 


amount  of  copper  used.  The  unit  of  leakage  current  is  taken  as  thit 
which  occurs  on  a  line  without  negative  copper,  of  which  the  bof 
bar  is  grounded.  Fig.  89  gives  the  relative  leakage  currents 
with  the  bus  bar  insulated.  Fig.  90  gives  the  relative  leakage 
currents  for  Case  VII  with  bus  bar  insulated,  plotted  with  tfe 
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From  the  table  below  the  "drop  factor"  for  a  load  power  factor 
of  90  per  cent,  and  the  ratio  of  reactance  to  resistance  of  1.04  is 
found  by  interpolation  to  be  i  .39,  therefore 

(regulation    volts)  =  ("resistance     volts")  X  ("drop     factor") 

=  1541  X  1.39 
=  2142  volts 

/  4.  1  4.-     \       2142  X  100 

(per  cent,  regulation)  =  — 

22,000 

=  9.7 

Drop  Factors  when  Resistance  Volts  are  10 
Per  Cent,  of  the  Receiver  Volts 


Ratio  of 
react- 
ance to 
resist- 
ance 


Drop'  factors  for  power  factors  of  (current  lagging) 


100% 


95% 


90% 


85% 


80% 


70% 


60% 


40% 


20% 


O.IO 
0.20 
0.30 

0.40 

o.so 

0.60 
0.70 

0.80 
0.90 
1. 00 
1. 10 

1.20 
1.30 
1.40 
I. SO 

1.60 
1.70 
1.80 
1.90 

2.00 
2.10 
2.20 
2]30 
«■ 

2.40 
2. SO 
2.60 
2.70 

2.80 
2.90 
3.00 
3.10 

3.20 

3-30 

3-40 


3. 
3. 

31 


SO 
60 
70 


.00 
.00 
.00 

.00 
.00 
.01 
.02 

.02 

•  03 
.04 
.05 

.06 
.07 

.08 
.10 

.10 

.13 

.15 
.17 

.18 
.20 
.22 
.23 

.25 

.27 
.30 
.32 

.35 

•  37 
.40 
.42 

.45 
.48 
.51 

.53 
.57 
.60 


2, 
2, 
2, 
2, 

2. 
2. 
2, 


.00 
.01 
.05 

.08 

.II 

.15 
.18 

.21 

.25 
.28 
.32 

.35 
.39 

.43 
.47 

.51 
.55 
.59 
.63 

.68 

.72 

.77 
.82 

.87 

•  91 
.95 

•  99 

05 

,10 

.15 
,20 

,26 

31 
36 


2.42 

2.47 
2.52 


I.  00 
I.  01 

1.05 

1. 10 

1. 14 
1. 18 
1.23 

1.28 
1.33 

1.37 
1. 41 

1.46 
1. 51 
1.55 
1.60 

1. 6s 
1.70 
1.76 
1.82 

1.87 
1.92 
1.98 
2.03 

2.09 
2.14 
2.20 
2.26 

2.32 
2.39 
2.45 
2.51 

2.57 
2.63 
2.69 

2.74 
2.80 
2.86 


0.94 
0.98 

1.02 

1.08 

I. 13 
I. 19 
1.24 

1.29 

1^34 
1.39 
1.44 

1.50 

1.55 
1. 61 
1.67 

1.74 
1.79 
1.85 
1. 91 

1.96 
2.03 
2.09 
2.15 

2.22 
2.28 

2.34 
2.41 

2.47 
2.54 
2.60 
2.66 

2.73 
2.80 

2.87 

2.94 
3.00 

3.07 


0.88 
0.92 

0.99 

1.04 
1. 10 

1. 15 
I. 21 

1.28 

1.34 
1.40 

1-45 


51 
57 
64 
70 


1.77 
1.84 

1. 91 
1.98 

2.04 
2.10 
2.17 
2.23 

2.30 
2.37 
2.44 
2.51 

2.57 
2.64 
2.72 
2.80 

2.87 
2.93 
3.00 

3.08 
3.15 
3  .23 


0.80 
0.86 
0.93 

1. 00 
1.07 
1. 14 
1.20 

1.27 

1.35 
1. 41 
1.48 

1-55 
1.62 
1.70 
1.77 

l.8s 
1.92 
1.99 
2.06 

2.14 
2.21 
2.29 
2.37 

2.44 
2.52 

2.60 
2.68 

2.76 
2.83 
2.90 
2.97 

3.05 
3.12 
3.20 


3 
3 
3 


27 
35 
43 


0.70 
0.82 
0.89 

0.93 
I. 01 

1.09 

1. 17 

1.24 
1.32 
1.39 
1.47 

1.54 
1.63 
1. 71 
1.80 

1.87 
1.95 

2.04 

2.  II 

2.19 
2.28 

2.37 
2.45 

2.53 
2.60 
2.67 
2.74 

2.82 
2.91 
3.00 
3.10 

3.20 
3.30 
3.39 

3.48 
3.56 
3.65 


0.60 
0.67 
0.74 

0.82 
0.92 
I.  01 
I. II 

1.20 
1.29 
1.38 
1.46 

1.55 
1.64 
1.72 
I. 81 

1.90 

1.99 
2.08 
2.16 

2.25 
2.35 
2.45 
2.53 

2.62 

2.71 
2.80 
2.98 

3.07 

3. IS 

3.23 
3.31 


39 

47 
,56 

.65 
.75 
.85 


0.30 
0.40 
0.50 

0.60 
0.70 
0.80 

0.91 
I.  01 

I. II 

1.20 
1.30 

1.40 


49 
59 
70 


1.80 
1.90 

1.99 
2.08 

2.18 
2.28 
2.38 
2.48 

2.58 
2.67 
2.76 
2.86 

2.95 
3.0s 

3.15 
3.2s 

3.35 
3. 45 
3.54 

3.63 

3.72 
3.80 


752  ELECTRIC  RAILWAY  HANDBOOK 

conductor  is  likdy  to  be  disturbed  mechanically,  it  may  be 


and  greater  spacing  of  conductors  to  prevent  the  conduct(»s  iti» 
sagging  dangerously  low  or  swinging  too  near  together.  Knt 
aluminum  weighs  less  it  will  not  require  such  heavy  supports  im 
will  cost  less  to  string,  but  because  it  is  softer  more  care  musth 
taken  in  handling  it,  in  order  that  it  roay  not  be  badly  scratcleil 
Aluminum  wire  of  the  same  conductivity  will  gather  less  sleel  bt 
presents  a  greater  surface  to  the  wind.  Due  to  its  greater  radii^ 
leakagefrom  itislessand  the  skin  effect  isalightly  greater.  Bean* 
of  its  lower  melting  point,  there  is  greater  danger  from  arcing.  TlJ 
initial  .saving  {or  loss)  in  the  use  of  aluminum  conductor  of  audi 
size  as  to  have  a  conductivity  equal  to  that  of  the  copper  m 
which  would  be  required,  may  be  rapidly  appioiiniated  by  the  m 
of  Fig.  92.  The  Bgure  is  manipulated  as  follows  for  the  exampl 
shown:  From  the  is-cent  point  on  the  "Cost  of  Copper "«»' 
follow  the  vertical  to  its  interaection  with  the  diagonaL    FoUrt 
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t.lie  horizontal  through  this  point  to  its  intersection  with  the  '^  Cost 
of  Aluminum''  scale.  Follow  the  oblique  through  this  point  to  its 
Intersection  with  the  horizontal  through  the  29-cent  point  and  from 
t.tiis  intersection  follow  the  vertical  down  to  the  "  Saving  by  the  use 
of  aluminum"  scale.  Here  it  is  found  that,  jor  the  example  showtiy 
tlie  first  cost  of  the  aluminum  is  3.7  per  cent,  less  than  the  first  cost 
of  the  necessary  copper  would  have  been. 

Resistance  and  Weight  per  Thousand  Feet  of  Base  Solid 

Copper  Wire 

For  one  conductor  at  20°  C.  (68°  F.).    [See  footnote] 


Diameter, 
mils 

Circular 
mils 

Copper 

A.W.G. 
IB.  &  S.] 

Lb.  per 
1000  ft. 

Amiealed 

Hard  drawn 

Ohms  per 
1000  ft. 

Ohms  per 
1000  ft. 

500,000 

400,000 
300.000 
250,000 
211,600 

167,800 

133.100 

105,500 

83.690 

66,370 
52,640 
41.740 
33.100 

26,250 
20,820 
16.510 
13.090 

10,380 

8,234 
6.530 

5,178 
4.107 

1514.0 

1211.0 
908.1  . 
756.8 
640.5 

507.9 
402.8 

319.5 
253.3 

200.9 
159.3 
126.4 
100.2 

79.46 
63.02 
49.98 
39.63 

31.43 
24.92 

19.77 

15.68 
"43 

0.02074 

0.02593 
0.034s 7 
0.04148 
0.04901 

0.06180 

0.07793 
0.09827 

0.1239 

0.1563 
0.1970 
0.2485 
0.3133 

0.3951 
0.4982 
0.6282 
0.7921 

0.9989 

1.260 

1.588 

2.003 
2.525 

0.02130 
0 . 02663 

0.0')550 

0 . 04260 

oooo 

000 

00 

0 

I 

2 
3 
4 
5 

6 

7 
8 

9 

10 
II 
12 

13 

14 

460.0 

409.6 
364.8 
324.9 
289.3 

2S7.6 
229.4 
204.3 
181. 9 

162.0 

144-3 
128.5 

114. 4 

101.9 

90.74 
80.81 

71.96 
64.08 

0.05033 

0.06347 
0.08003 
0.10009 
0.1272 

0.1605 
0.2023 
0.2552 
0.3218 

0.4058 
O.5116 
0.6452 
0.8135 

1.026 

1.294 
1. 631 

2.057 
2.593 

Note:  Values  in  this  table  are  based  on  Circular  No.  31  of  U.  S.  Bureau 
of  Standards,  19 14.  Resistance  in  ohms  per  mil  foot  as  follows:  Annealed 
copper.  10.371;  hard  drawn  copper  10.651  ;  hard  drawn  aluminum  17.01. 
Stranded  conductor  values  are  for  lay  of  i  in  15.7.  For  any  other  lay, 
equal  to  i  in  »,  resistance  or  weight  may  be  calculated  by  increasing  the 

above  tabulated  values  by  (     \     —  2  )per  cent. 
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Resistance  and  Weight  pek  Thousand  Feet  of  Bare 
Stranded  Copper  and  Aluminum  Conductor 

For  one  conductor  at  20**  C.  (68**  F.)    [See  footnote,  page  753] 


A.  w.  G. 

[B.  &  S.] 


Circular 
mils 


Copper 


Lb.  per 
1000  ft. 


Annealed 


Ohms  per 
1000  ft. 


Hard 
drawn 


Ohms  per 
1000  ft. 


Aluminum 


Hard  drawn 


Lb.  per 
1000  ft. 


Ohmsoer 
1000  ft 


0000 

000 

00 

o 

I 

2 
3 

4 
5 

6 

7 
8 


2»00O,00O 
1,900,000 
1,800,000 
1,700,000 

1,600,000 
1,500,000 
1,400,000 
1,300,000 

1,200,000 

1.100,000 

1,000,000 

900,000 

800,000 
700,000 
600,000 
500,000 

400,000 
300,000 
250,000 
212,000 

168,000 

133. 000 

106,000 

83,700 

66,400 
52,600 
41.700 
33,100 

26,300 
20,800 
16,500 


6180. 
5870. 
5560. 
5250. 

4940. 
4630. 
4320. 
4010. 

3710. 
3400. 
3090. 
2780. 

2470. 
2160. 
1850. 
1540. 

1240. 
026. 
772. 
653. 

518. 
411. 
326. 
258. 

205. 
163. 
129. 
102. 

81.0 
64.3 

Si.o 


0.00529 

0.005S7 
0.00588 
0.00622 

0.00661 
o . 00705 
0.00756 
0.00814 

0.00882 
0.00962 
0.0106 
0.0118 

0.0132 

0.0151 
0.0176 
0.0212 

0.0265 
0.0353 
0.0423 
o . 0499 

0.0630 

0.0795 
o . 0908 
0.126 

0.159 
0.201 

0.254 
0.320 

0.402 
0.509 
0.641 


0.00543 
0.00572 
o . 00604 
0.00639 

0.00679 
0.00724 
0.00776 
0.00836 

o . 00905 
o . 00988 
0.0109 

O.OI2I 

0.0136 

0.0155 
O.OI8I 
0.0218 

0.0272 

o . 0362 

0.043s 
0.0513 

0.0647 
0.0817 
0.103 
0.130 

0.164 
0.207 
0.261 
0.328 

0.413 
0.522 
0.658 


1880. 
1780. 
1690. 

IS90. 

1500. 
1410. 
1310. 
1220. 

1120. 
1030. 

937. 

84s. 

7SO. 
656. 
562. 
468. 

375. 

2«I. 

234. 
198. 

157. 

125. 
99.0 
78.5 

62.2 

49.3 
39.2 
31.0 

24.6 
19. 5 
ISS 


o.ooM 
0.009Q 
0.0096s 

O.OI03I 

i 

0.0108    \ 
0.0II6     i 
0.0124 
0.0134 

o .  014s 
0.0158 

0.0174    ! 

0.0193     I 

i 

o .  oar? 
o .  024^ 
0.0289 
0.0347 

0.0434 
o .  0578 
0.069s 
0.0818 

0.103 
o.  130 
o.  165 
0.207 

0.  262 

0.330 

0.415 
0.525 

0.660 

0.83s 

1.  OS 
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Resistance  and  Weight  per  Mile  of  Bare  Solid  Copper 

.     Wire 

For  one  conductor  at  20®  C.  (68®  F.).    [See  footnote,  page  753] 


A.  W.  G. 
(B.  &  S.) 

Diameter, 
mils 

Circular 
mils 

Copper 

Lb.  per 
mile 

Annealed 

Hard  drawn 

Ohms  per 
mile 

Ohms  per 
mile 

500,000 

400.000 
300.000 
250.000 
211,600 

7994. 

6394. 
4795. 
3996. 
3382. 

0.1095 

0.1369 
0.1825 
0.2190 
0.2587 

0.1125 

0. 1406 

0.1874 

* 

0.2249 

0000 

460.0 

0.2657 

000 

00 

0 

I 

409.6 
364.8 
324.9 
289.3 

167,800 

133.100 

105.500 

83,690 

2682. 
2127. 
1687. 
1337. 

0.3260 
0.4115 
0.5189 
0.6542 

0.3351 
0.4227 
0.5280 
0.6716 

2 
3 

4 
5 

257.6 
229.4 
204.3 
181. 9 

66.370 
52.640 
41.740 
33.100 

1061. 
841. 1 

667.4 
529.0 

0.8253 
1.040 
1. 312 
1.654 

0.8474 
1.068 
1.347 
1.699 

6 

7 
8 

9 

162.0 
144.3 
128.5 
114.4 

26.250 
20,820 
16.510 
13.090 

419. S 

332.7 
263.9 
209.2 

2.086 
2.630 

3.317 
4.182 

2.143 
2.701 
3.406 
4.295 

10 
II 
12 

101.9 

90.74 
80.81 

10,380 

8.234 
6,530 

165.9 
131. 6 

104.4 

5.274 
6.653 
8.385 

S.417 
6.832 
8.612 

13 

14 

71.96 

64.08 

5.178 
4.107 

82.79 
65.63 

10.58 
13.33 

10.86 
13.69 
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Resistance  and  Weight  per  Mile  of  Bare  Stranded  Coppei 

AND  Aluminum  Conductor 

For  one  conductor  at  20®  C.  (68®  F.).    [See  footnote,  page  753/ 


A.  W.  G. 
(B.  &  S.) 


Circular 

mils 


Copper 


Lb.  per 
mile 


Annealed 


Ohms  per 
mile 


Hard 
drawn 


Ohms  per 
mile 


Aluminum 


Hard  drawn 


Lb. 
mil 


r 


Ohms  per 

mile 


0000 

000 

00 

o 

I 

2 
3 
4 
5 

6 

7 
8 


3,000,000 
1,900,000 
X,  800,000 
1,700,000 

• 

1,600,000 
1,500,000 
1,400.000 
1.300,000 

1,200,000 

1,100,000 

1,000,000 
900,000 

800,000 
700,000 
600,000 
500,000 

400,000 
300.000 
250.000 
212,000 

168,000 
133.000 
106,000 

83,700 

66.AOO 
52,000 
41.700 
33,100 

26,300 

20.800 

•  16,500 


32,600 
31.000 
29,400 
27,700 

36,100 
24.400 
22,800 

31,200 

19,600 
17.900 
16,300 
14.700 

13,000 

11,400 

9.770 

8,130 

6,550 
4.890 
4.080 
3.450 

3.740 
2,170 
1,720 
1,360 

1,080 
861 
681 
539 

428 
339 
269 


0.0279 
0.0294 
0.0310 
0.0328 

0.0349 
0.0373 
0.0399 
0.0430 

O . 0466 
0.0507 
0.0560 
0.0623 

0.0697 
0.0797 
0.0939 
0.1X2 

0.X40 
0.186 
0.223 
0.263 

0.333 

0.420 

0.537 
0.665 

0.840 

1.06 

1.34 

1.69 

2.  12 
2.69 
3.38 


0.0287 
0.0302 

0.0319 
0.0337 

0.0359 
0.0382 
0.0410 
0.0441 

0.0478 
0.0522 
0.0576 
0.0639 

0.0718 
0.0818 
0.0956 
O.II5 

O.X44 

0.I9X 
0.330 
0.271 

0.343 
0.431 

0.686 

0.866 
1.09 
1.38 
1.73 

2.X8 

2.76 
3-47 


9930. 
9400. 
8920. 
8400. 

7920. 
7450. 
6920. 
6440. 

5910. 
5440. 
4950. 
4460. 

3960. 
3460. 
3970. 
3470. 

X980. 
1480. 
1240. 
1050. 

829. 
660. 
533. 
415. 

338. 
360. 

207. 
164. 

130. 
103. 
81.8 


0.04SS  ' 
0.0482 

0.0509 
O.0S39 

O.057* 
o.obu 

o.o4S 
0.07A 

0.0766 
0.0834 
0.0919 
0.102 

0.11$ 
0.131 

0.153 
0.183 

0.229 

o.j^ 
0.4S& 

O.S44 

0.686 

0.871 
1.09 

1.38 
1.74 
2.19 
2.77 

3.48 
4.41 
5.54 
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Approximate  Weight  of  Weatherproof  Copper  Conductor 

(American  Steel  &  Wire  Co.) 


Size, 

Diam. 

bare 

conductor, 

mils 

Double  braid 

Triple  braid 

A.  W.  G. 

(B.  &  S.) 

Lb.  per 
1 000  ft. 

Lb.  per 

mue 

Lb.  per 
1000  ft. 

Lb.  per 
mue 

Solid  Conductor 

oooo 

ooo 

oo 

o 

I 

3 
3 

4 

5 
6 
8 
9 

lO 
13 

14 

460.0 
409.6 
364.8 
325.0 

389.3 
257.6 

229.4 
304.3, 

181. 9 
162.0 
128.5 

114. 4 

IOI.9 
80.8 
64.x 

733 

587 
467 
377 

294 
239 
I8S 
15X 

122 

TOO 

66 

54 

46 
30 
20 

3817 
3098 
2467 
1989 

1553 
1264 

977 

795 

646 
529 
349 
283 

241 
158 
107 

767 
629 
502 

407 

316 
260 
199 
164 

135 

113 

75 
62 

53 
35 
25 

4.050 
3,320 
2,650 
2,150 

1.670 

1.370 

1.050 

865 

710 
590 
395 
325 

280 

I8S 
130 

Cir.  mil* 

Stranded  Conductor 

3.000.000 

i.7SO,ooo 
I.500.000 
1.350.000 

1.000,000 
900,000 
800,000 
750.000 

700,000 
600,000 
500,000 
450,000 

400,000 
350,000 
300,000 
350,000 

oooo 

000 

00 

0 

I 

2 
3 

4 

5 

1.6302 
1.5246 
I. 4124 
I . 2892 

I. 1520 
1.0935 
I . 0305 
O.998X 

0.9639 
0.8928 
0.8134 
0.7721 

0.7280 
O.6811 
0.6285 
0.5735 

0.5275 
0.4700 

0.4134 
0.3684 

0.3379 
0.2919 
0.2601 
0.2316 

0.2061 
0.1836 
0.1455 

6,690 

5.894 
5.098 

4.264 

3.456 
3.127 
2,799 
2,635 

3,471 
3,093 
1.765 
1,601 

1.436 

1,248 

1.083 

907 

604 
482 
388 

303 

246 
190 
155 

126 

103 
68 

35.323 
31. 119 
26.915 
22,516 

18.346 
16,513 
14.779 
13.913 

13.046 
IX,052 

9.318 
8,452 

7.584 

6.589 
5.721 
4.788 

3.935 
3.190 

2.544 
2,051 

1,301 

1,004 

820 

668 
544 
359 

7,008 

6.193 
5.380 
4.508 

3,674 
3.332 
2,993 
2,822 

2.650 
3.235 
1.894 
1,724 

1.553 

1.345 

1. 174 

98s 

800 

653 
522 

424 

338 
270 
206 
170 

140 

115 

78 

37.000 
32.700 
28,400 
23,800 

19,400 
17,000 
15.800 
14.900 

14,000 

11,800 

10,000 

9,100 

• 

8.200 
7.100 
6,200 
5,200 

4.220 
3.450 
3,760 
3,340 

I.73S 

1.425 

1,090 

900 

740 
610 
410 
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Allowable  Current-carrying  Capacity  of 
Wires  and  Cables 

National  Board  of  Fire  Underwriters — 19 13 


Size  A.W.G.  (B.  St  S.) 
circular  mils. 

Rubber  insulation, 
amperes 

Other  insulations.     1 
amperes 

18 
16 

12 

3 

6 

IS 
20 

5 

10                   1 

20 

as 

10 
8 
6 
5 

35 

35 
SO 
5S 

30 

SO 

70 
80 

4 
3 
2 
I 

70 

80 

90 

100 

90 
«oo 

125 
ISO 

0 

00 

000 

0000 

125 

150 

I7S 
225 

200 
225 
275 
32s 

200,000 
300,000 
400,000 
500,000 

200 
37s 
335 
400 

300 

400 
500 
600 

600,000 
700,000 
800,000 
900,000    - 

4S0 
500 

sso 

600 

680 
760 
840 
920 

1,000,000 
1,100  000 
1,200.000 
1,300,000 

650 
690 
730 
770 

1,000 
1,080 
i.iSO 
1,220 

1,400,000 
1,500,000 
1,600,000 
1,700,000 

810 
850 
890 
930 

1.290 
1,360 
1,430 
1.490 

1,800,000 
1,900,000 
2,000,000 

970 
1,010 
1,050 

i.SSO 
1,610 
1,670 

ICE  AND  WIND  LOADS 
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Loading  of  Bare  Stranded  Copper  Cable  Alone,  with  Ice 
Coat,  and  with  Ice  Coat  and  Wind 


Strands  of 
conductor 

Di- 
ameter 
of  cable 
overall. 

Loading  per  lineal  ft. 

Cir.  mils 

Num- 
ber 

Di- 
ameter, 

Cable 
alone, 

Cable 

with 

Win. 

ice  coat, 

Wind 
at  8  lb. 

par 
sq.  ft.. 

Resultant 
cable  ice, 
and  wind 

In. 

In. 

Lb. 

Lb. 

Lba 

Lb. 

a,ooo,ooo 
1.750.000 
z. 500,000 
1.250,000 

91 
91 
91 
91 

0.1482 
0.1387 
0.1284 
0.1172 

1.630 
1.526 

Ia4I2 
I    a    289 

6.180 

5.404 
4.630 
3  a  868 

7.518 
6  a  677 
5. 831 
4.992 

1.729 
1.659 
1.584 
1. 510 

7.719 
6.88s 
6.048 
5.220 

1,000,000 
950,000 
900.000 
850,000 

61 
61 
61 
61 

0.1280 
0.1248 
0.121S 
0.1181 

HS2 

I.    123 

I    a   094 
I   a    063 

3.090 
2  a  935 

2    a    780 
2.625 

4.128 

3. 955 
3.782 

3.607 

1.425 
1.406 
1.386 
1.36s 

4.370 
4.200 
4.030 
3.860 

800.000 
750.000 
700,000 
650,000 

61 
61 
61 
61 

0.114s 
0.1109 
0.1071 
0.1032 

I   a   031 
0.998 
0.964 
0.929 

2.470 
2.3IS 
2.160 
2.005 

3-432 

3.257 
3.080 

2.903 

1-344 
1.322 

1.297 
1.276 

3.688 
3.518 
3.346 
3.174 

600.000 
550,000 
500,000 

61 
37 
37 

0.0992 
0.1219 

0all62 

0.893 

0.8S3 

Oa8l3 

1.850 
1.693 
1.540 

2.725 
2.543 
2.369 

Z.252 
X.226 
1. 201 

3.003 
2.827 
2.6S9 

450,000 
400.000 
350,000 

37 
37 
37 

0aIIO3 
0.1040 
0.0973 

0.772 
0.728 

0.668 

1.387 
X.24O 
I    a   083 

2.187 

2.011 

I    a   824 

1. 175 
I.IS3 
1. 119 

2.485 
2.318 
2.140 

300,000 
250,000 
211.600 

19 
19 
19 

0.1256 
O.II47 

o.ioss 

0.629 

O.S74 
0.528 

0.926 
0.772 

0.6S3 

1.635 
1.446 
1.299 

1.086 

1.049 
1. 018 

1.963 
1.786 

I    a   630 

760 


ELECTRIC  RAILWAY  HANDBOOK 


Loading  op  Triple  Braid  Weatherproop  Stranded   Coppei 
Cable  Alone,  with  Ice  Coat  and  with  Ice  Coat  and  Wind 


Strands  of 
conductor 

Diameter 

of  cable 

overall 

Loading  per  lineal  foot 

Cir.  mils 

Num- 
ber 

Diam- 
eter 

Cable 
alone 

• 

Cable. 

withi 

in.  ice 

coat 

Wind 

at  8  lb. 

per 

sq.  ft. 

Resultant 

cable, 

ice,  td 

wind 

In. 

la. 

Lb. 

Lb. 

Lb. 

Lb. 

2,000,000 
1,750,000 
X, 500.000 
1,250,000 

1,000,000 
950,000 
900,000 
850,000 

800.000 
750.000 
700.000 
650,000 

600.000 
550.000 
500,000 

450.000 
400,000 
350,000 

300.000 
250,000 
2XX.600 

9X 
91 
91 
91 

61 
61 
61 
61 

61 
61 
6x 
6x 

6x 

37 

•    37 

37 
37 
37 

19 
X9 
19 

0.X482 
0.1387 
0.1284 
0.1x72 

0.X280 
0.X248 
O.1215 
o.xx8x 

O.XX45 
0.XX09 
0.I07X 
0.1032 

0.0993 

0.X2I9 

0.II62 

0.x X03 
0.X040 
0.0973 

0.X256 
0.XI47 
O.X055 

2.000 
1.906 
1. 781 
x.656 

1. 531 
1.468 

r.437 
1.406 

1.375 
1.343 
1. 313 
1.250 

1.234 
1.156 
1.108 

1.062 

1.031 
0.968 

0.92X 

0.875 
0.8x2 

7.008 

6.193 
5-380 
4-508 

3.674 
3.503 
3-332 
3.162 

2.992 
2.822 
2.650 
2.443 

2-235 
2.064 

1-894 

1.724 
I -553 
1.345 

I -174 
0.98s 
0.800 

8.579 

un 
5.863 

4.950 
4.745 
4.549 
4.360 

4.170 
3.977 
3.789 
3.543 

3.325 
3.105 
2.908 

2.705 
2.515 
2.267 

2.067 

1.849 
X.624 

2.000 

1.937 
1.858 

1. 771 

1.687 

1.645 
1.625 

1.604 

1.S83 
1.562 

1. 541 
1.500 

1.489 
1.437 
1.40s 

1.375 
1.354 
1.312 

X.281 
X.250 
1.208 

8.809 
7-945 
7-064 
6.X34 

5-»30 
4-921 
4.«3l 
4-«tf 

4.461 
4-271 
4-090 
3-847 

3.556 
3-4" 
3.230 

2.630 

2.431 
2.233 
2.024 

ICE  AND  WIND  LOADS 
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Loading   of  Bare  Stranded  ALUiaNUM  Cable  Alone, 
WITH  Ice  Coat  and  with  Ice  Coat  and  Wind 


Num- 
ber 
of 

strands 

Diameter 

of  cable 

overall 

Loading  per  lineal  foot 

Cix.  mils 

Cable 
alone 

Cable. 

with  W 

in.  ice 

coat 

Wind  at 

8  lb.  per 

sq.  ft. 

Resultant 
cable, 
ice,  and 
wind 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

1,590.000 
I.S75.SOO 
1,431.000 
1.351.SOO 

1,372,000 
1,193.500 
1,113,000 
1.033.SOO 

954.000 
874.500 
79S.OOO 

71S.500 
636.000 
556,500 

477,000 
397.S0O 
336.430 

61 
6x 
61 
61 

61 
37 
37 
37 

37 
37 
37 

37 
37 
19 

19 
19 

7 

1.438 
1.406 

1.359 
1.328 

1.28X 
x.350 

1.303 
1. 156 

1. 109 
1.063 

x.ox6 

0.969 
0.906 
0.859 

0.781 

0.7x9 
0.656 

1.463 
1.393 
1. 317 
1-243 

I.X7I 
x.098 
X.035 
0.950 

0.877 
0.805 
0.732 

0.658 
0.585 
0.513 

0.439 
0.36s 
0.3x0 

2.679 
2.591 
2.48s 
2.39a 

2.290 
3.195 
3.095 
1.990 

1.888 

1.787 
1.684 

1.587 
1.469 
1.366 

1.244 
X.X3X 
1.037 

1.625 
X.604 

1. 573 
1.553 

1. 531 
1.500 

X.469 
.1.438 

1.406 
1.37s 
1.344 

1. 313 
1. 371 
1.340 

1. 188 

•  X . 146 

X.X04 

3.133 
3.047 
3.941 
2.85X 

3.749 
2.658 

a.  559 

3. 455 

3.354 

3.355 

3.X5S 

3.060 
1.943 
1.84s 

1.730 
1. 6x0 
X.51S 
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Loading  of  Triple  Braid  Weatherproof  Stranded  Aluminum 

Cable  Alone,  with  Ice  Coat  and  with 

Ice  Coat  and  Wind 


Number 
of  strands 

Diameter 

of   cable 

overall 

Loading  per  lineal  foot 

Cir.  mils 

Cable 
alone 

Cable 

with  J-i 

in.  ice 

coat 

Wind  at 

8  lb.  per 

sq.  ft. 

Resultant 

cable, 

ice    and 

wind 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

1,590,000 
1,515.500 
1,431,000     ' 
I.3SI.500 

1,272,000 
1. 192. 500 
1,113,000 
1,033.500 

954.000 
874.500 
79S.OOO 

715.500 
636,000 
556,500 

477.000 
397.500 
336,420 

61 
61 
61 
61 

61 
37 
37 

37 

37 
37 
37 

37 
37 
19 

19 

19 

7 

1.875 
1. 813 
1. 781 
1.750 

1. 719 
1.688 

1.563 
1. 531 

1.500 
1.469 
1.438 

1.344 

I.2S0 
I.  188 

I.  031 
1. 000 

0.938 

2.070 
1.977 
1.877 
1.779 

1.683 
1.586 
1.489 
1.390 

1.293 
1. 197 
1. 100 

0.994 
0.886 
0.772 

0.657 
0.544 
0.460 

3.562 
3.430 
3.310 
3.193 

3.077 
2.961 

2.785 
2.666 

2.550 

2.434 
2,217 

2.152 

1.983 
1.832 

1. 615 
1.487 
1.363 

1. 917 
1.875 
1.854 
1.833 

1. 813 
1.792 
1.708 
z.688 

1.667 
1.646 
1.625 

1.563 
1.500 
1.458 

1.354 
1.333 
1.298 

4-045 
3-909 
3.794 
3.680 

3.571 
3.4A 
3.267 

3.15s 

3.047 
2.938 
2.749 

2.660 
2.486 
2.341 

2.107 
1.997 

Minimum  Sags  Allowable  for  Bare  Conductor  (A.E.R.E.A. 
Recommended  Specification).  In  the  tables,  pages  763  to  765, ait 
given  the  sags  at  which  bare  conductors  should  be  strung  in  ord« 
that,  when  loaded  with  the  specified  requirement  of  ]^  in.  of  ice  and  a 
wind  load  of  8.0  lb.  per  square  foot  of  projected  area  at  o  dcg. 
F.,  the  tension  in  the  conductor  will  not  exceed  the  allowable  value 
of  the  ultimate  strength  of  the  conductor.  The  sags  given  for  120 
deg.  F.  are  greater  in  every  case  than  the  vertical  component  of  the 
sags  at  o  deg.  F.  under  the  maximum  wind  and  ice  load.  The 
physical  constants  of  the  conductor  used  are  as  follows: 

Modulus  of  elasticity 

Copper,  hard  drawn,  solid  or  stranded 16,000,000 

Copper,  soft  drawn,  solid 12.000,000 

Aluminum,  hard  drawn 9,000,000 

Temperature  coefficient 

Copper o .  0000096 

Aluminum o. 0000128 


SAG  TABLES 
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Mii«7iMUM  Sags  for  Stranded  Hard-drawn  Bare  Copper 

Wire 


Temp, 
fahr. 

span,  feet 

Size, 
LW.G. 

100 

or  less 

125 

150 

200 

250 

300 

400 

500 

600 

B.&S.) 

Sags 

In. 

In. 

In. 

In. 

In. 

In. 

Ft. 

Ft. 

Ft. 

oooo 

20 

2 

3 

5 

8 

13 

20. 

3.5 

6. 

10. 

0 

2 

4 

5 

9 

14 

22. 

35 

6.5 

10.5 

20 

3 

4 

6 

10 

16 

24. 

4. 

7. 

II. 5 

40 

3 

4 

6 

II 

18 

27. 

45 

8. 

12. 

6o 

3 

5 

7 

13 

20 

31. 

5. 

8.5 

13. 

80 

4 

6 

« 

15 

24 

35. 

5.5 

9. 

13.5 

100 

4 

7 

1.0 

17 

27 

40. 

6. 

10. 

14. 5 

120 

5 

8 

12 

20 

31 

46. 

7. 

10.5 

IS. 

ooo 

20 

2 

3 

5 

8 

13 

21. 

4. 

7. 

12. 

0 

2 

4 

5 

9 

IS 

23. 

4. 

Z-s 

12.5 

20 

3 

4 

6 

10 

17 

25- 

4.5 

8.5 

13.5 

40 

3 

4 

6 

12 

19 

29. 

1- 

9. 

14. 

6o 

3 

5 

7 

13 

22 

33. 

6. 

9.5 

IS. 

8o 

4 

6 

8 

IS 

25 

38. 

6.5 

10.5 

IS. 5 

100 

4 

7 

10 

i8 

29 

43. 

7. 

II. 

16. 

I20 

5 

8 

12 

21 

34 

49. 

7.5 

12. 

17. 

oo 

— 20 

2 

3 

5 

9 

H 

23. 

4.5 

9. 

IS. 

0 

2 

4 

5 

10 

16 

26. 

5. 

9.5 

15. 5 

20 

3 

4 

6 

II 

18 

29. 

5.5 

10. 

16. 

40 

3 

4 

7 

12 

21 

33. 

6. 

11. 

17. 

6o 

3 

5 

7 

14 

24 

37. 

6.5 

II. 5 

17.5 

8o 

4 

6 

9 

i6 

28 

43. 

7. 

12. 

18. 

lOO 

5 

7 

10 

19 

32 

48. 

8. 

12.5 

18. 5 

I20 

6 

9 

12 

23 

37 

54. 

8.5 

13. 5 

19.5 

o 

20 

2 

3 

5 

9 

16 

2.5 

55 

IX. 5 

18. 5 

0 

2 

4 

5 

10 

18 

2.5 

6.5 

12. 

19. 

20 

3 

4 

6 

II 

21 

3. 

7. 

12.5 

19. 5 

40 

3 

5 

7 

13 

24 

35 

7.5 

13. 

20. 

6o 

3 

5 

8 

15 

27 

4. 

8. 

14. 

20.5 

8o 

4 

6 

9 

i8 

32 

4.5 

8.5 

14.5 

21. 5 

lOO 

5 

7 

II 

21 

37 

5. 

9. 

IS. 

22. 

120 

6 

9 

13 

25 

42 

5. 

9-5 

IS. 5 

22.5 
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MiNiicuu  Sags  for  Hard-drawn  Bare  Copper  Wire 


Siie. 
A.W.G. 
(B.&S.) 


Temp. 
iahi. 


Span,  feet 


TOO 

or  less 


I2S 

ISO 

300 

2S0 

300 

400 

500 

Sags 


In. 


In. 


In. 


In. 


In. 


Pt. 


Ft. 


Pt. 


20 

2 

4 

5 

10. 

19. 

0 

3 

4 

6 

II. 

23. 

20 

3 

4 

6 

13. 

25. 

iS 

3 

5 

7 

IS. 

30. 

4 

6 

8 

18. 

34. 

80 

4 

7 

10 

21. 

39. 

100 

5 

8 

12 

25. 

44. 

120 

6 

10 

16 

30. 

49. 

20 

2 

4 

5 

13. 

25. 

0 

3 

4 

6 

\i: 

39. 

ao 

3 

5 

7 

33. 

40 

3 

5 

8 

19. 

39. 

60 

4 

6 

10 

23. 

43. 

80 

4 

7 

12 

37. 

48. 

100 

5 

9 

14 

31. 

53. 

120 

7 

II 

18 

35. 

58. 

20 

3 

4 

6 

17. 

3. 

0 

3 

4 

7 

20. 

3.5 

20 

3 

s 

8 

33. 

4. 

40 

3 

6 

10 

37. 

4.5 

60 

4 

7 

12 

30. 

5. 

80 

S 

9 

14 

35. 

5.5 

100 

6 

II 

17 

39. 

5.5 

120 

8 

14 

23 

44- 

6. 

20 

3 

4 

8 

25. 

s. 

0 

3 

5 

9 

29. 

5.5 

20 

3 

6 

II 

33. 

6. 

40 

4 

7 

13 

38. 

6.5 

60 

4 

9 

16 

43. 

6.5 

80 

5 

II 

19 

46. 

7. 

100 

7 

13 

23 

SO. 

7.5 

120 

9 

16 

27 

54. 

7.5 

20 

3 

8 

22 

S'S 

10. 

0 

4 

10 

26 

6. 

10. 

20 

5 

13 

30 

6. 

10.5 

40 

6 

16 

33 

6. 

10. 5 

60 

8 

19 

36 

6.5 

II. 

80 

10 

22 

39 

6.5 

II 

100 

13 

2S 

41 

7. 

II. s 

120 

16 

28 

44 

7. 

II. 5 

6        — 


3. 

3.5 

4. 

4.5 

5. 

5.5 

6. 

6. 

4. 

4.5 

5. 

5.5 

6. 

6.5 

7. 

7.S 

6. 
6.S 

7. 

7-5 

8. 

8.5 
8.5 
9. 

9. 

9. 

9.5 
10. 
10. 
10.5 
II. 
II. 

15. 

IS. 

iS-5 

IS. 5 

16. 

16. 

16.5 

16.5 


8. 

8.5 

9. 

9.5 

o. 

0.5 

I. 

1.5 

o.S 
I. 

i.S 
3. 

a.S 
3. 
3. 
3.5 

4. 
4.5 
5. 
5. 

5.5 
6. 

6.5 
6.5 

8. 

8.5 

9. 

9. 

9.5 

9.5 

30. 
30.5 


30. 
30. 
30. 
30. 
31. 
31. 
31. 
31. 


14. s 

15. 
16. 
16. 
17. 
17. 
18. 
18. 

18. 5 

19. 

19.5 

30. 

30.5 
31. 
21.5 
33. 


34.         37I 

24.5  ifi-S 

2$.        ]!' 

25. 

25.5 
36. 

36. 

36.5 


31. 

31. 5 
31.5 
33. 

33.5 

33. s 

33.5 
33. 
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Temp. 

Span,  feet 

Size. 
LW.G. 
B.&S.) 

So 
or  less 

100 

I2S 

ISO 

200 

250 

300 

400 

500 

600 

fahr. 

Sags 

In. 

In. 

In. 

In. 

In. 

Ft. 

Ft. 

pt. 

Ft. 

Ft. 

0000 

20 

I 

2 

3 

5 

11. 

2.5 

5. 

II. 

19. 

39. 

O 

I 

2 

3 

6 

IS. 

3. 

5.5 

12. 

19.5 

39. S 

20 

2 

3 

5 

8 

21. 

3.5 

6. 

12. S 

20.5 

30. 

t; 

2 

t 

7 

IX 

27. 

45 

7. 

13. 

21. 

31. 

t 

11 

17 

34. 

5. 

7.5 

13.5 

21.5 

31. 5 

So 

10 

i6 

22 

41. 

55 

8. 

14. 

22. 

32. 

xoo 

IC 

14 

20 

27 

46. 

6. 

8.5 

14.5 

22.5 

33. 

I20 

13 

i8 

as 

32 

52. 

6.5 

9. 

IS. 

33. 

33.5 

000 

20 

I 

2 

3 

5 

12. 

3. 

5.5 

13. 

32. 

33.5 

0 

I 

2 

4 

6 

17. 

35 

6.5 

13-5 

33.5 

34. 

20 

2 

3 

5 

8 

24. 

4. 

7. 

14. 

23. 

34. 5 

it 

2 

4 

7 

12 

31. 

5.5 

7.5 

14.5 

33.5 

35 

3 

5 

II 

i8 

38. 

5.5 

8. 

15. 

34. 

35. 5 

So 

6 

9 

i6 

23 

43. 

6. 

8.5 

15.5 

34. 5 

36. 

ICO 

IC 

13 

20 

29 

49. 

6.5 

9. 

16. 

35. 

36. 5 

120 

13 

17 

25 

33 

54. 

7. 

9.5 

x6.5 

35-5 

37. 

00 

— 20 

I 

2 

3 

6 

2. 

5. 

S.S 

x6.5 

38. 

42. 

0 

2 

2 

i 

8 

2.5 

5.5 

9. 

17. 

38. 5 

42. 5 

20 

2 

3 

12 

3. 

6. 

9. 

17. 5 

39. 

43. 

tS 

2 

4 

9 

i8 

3.5 

6.5 

95 

18. 

39. 5 

43. 

4 

7 

14 

24 

4. 

7. 

10. 

18. 5 

39.5 

43.5 

So 

7 

12 

19 

39 

4.S 

7. 

10.5 

19. 

30. 

44. 

lOO 

10 

i6 

li 

33 

5. 

7.5 

II. 

19.5 

30. 5 

44. 5 

120 

14 

19 

38 

5.5 

8. 

II. 5 

20. 

31. 

44. 5 

0 

— 20 

I 

2 

i 

9 

3.5 

7. 

10.5 

21. 

36.5 

0 

2 

3 

14 

4. 

7. 

II. 

21.5 

36. 5 

20 

2 

t 

8 

20 

45 

7.5 

II. 5 

22. 

37. 

^ 

3 

13 

26 

5. 

8. 

12. 

22. 

37. 

5 

10 

IS 

31 

5. 

8.5 

12. 

22.5 

37. 5 

So 

8 

14 

23 

35 

5.5 

8.5 

12.5 

23. 

38. 

lOO 

12 

iS 

27 

39 

6. 

9. 

13. 

23. 

38. 

120 

IS 

21 

31 

43 

6. 

9.5 

13.5 

23. 5 

38.5 

I 

— 20 

I 

3 

7 

20 

5. 

9. 

13  5 

36.5 

43  5 

0 

2 

4 

XI 

25 

55 

9. 

14. 

27. 

43-5 

20 

2 

5 

i6 

30 

5.5 

9.5 

14.5 

27. 

44. 

40 

4 

9 

21 

34 

6. 

10. 

14. 5 

27. 5 

44. 

6o 

7 

13 

2S 

39 

6.5 

10. 

15. 

27. 5 

44.  5 

So 

10 

18 

29 

42 

6.5 

10.5 

15.5 

28. 

44.5 

lOO 

14 

21 

32 

45 

7. 

II. 

15. 5 

28. 

45. 

. 

120 

17 

24 

36 

49 

7. 

II. 

16. 

28. s 

45. 
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Preservative  Treatment  id  Poles^  Cross-arms  and  Ties 

The  following  notes  on  wood  preservation  are  from  the  Manual 
of  the  American  Railway  Engineering  Association  and  the  Natiogt/ 
Electric  Light  Association's  Handbook  on  Overhead  Line  0* 
struction,  in  which  the  bulletins  of  the  Forest  Service  of  the  U.  & 
Department  of  Agriculture  are  fredy  quoted. 

Seasoning.  Various  precautions  to  be  observed  in  the  seasodag 
of  pole  and  cross-arm  timber  may  be  summarized  as  follows:  i. 
Poles  should  be  cut  from  sound  standing  timber.  2.  The  bazk 
should  be  well  peeled  from  pc^es  which  are  to  be  seasoned,  and 
particularly  from  those  that  are  to  be  treated,  as  the  inner  bads 
offers  much  resistance  to  the  impregnating  fluid,  and  in  time  tliil 
bark  peels,  leaving  the  untreated  wood  exposed  to  the  attad:<if 
fungi.  3.  Care  should  be  taken  in  the  luindling  and  felling  of 
trees,  as  those  which  are  split  in  felling,  or  are  otherwise  rouj^ 
handled,  may  afterward  experience  serious  checking.  4.  As  9MI 
after  cutting  as  possible,  poles  and  cross-arms  should  be  propd^ 
piled  and  stored,  to  allow  free  circulation  of  air.  5.  1M- 
amount  of  shrinkage  during  seasoning  is  negligible.  6.  Poles  cA 
in  the  winter  or  spring  have  before  them  the  best  period  for  SBt 
soning,  but  late  fall  and  winter  offer  the  best  conditions  for  cutdng. 
7.  Attention  should  be  paid  to  the  value  of  having  wood  seasoneil 
where  cut,  as  a  material  freight-saving  may  often  be  made  in  tbb 
way. 

Wood  Pres^ration.  The  growing  scarcity  of  timber  has  led 
many  of  the  railroad  companies  to  install  plants  for  wood  preservt* 
tion  for  the  treatment  of  ties  and  timber  for  structural  purpasa 
The  Manual  of  the  American  Railway  Engineering  Assoastin 
recognizes  creosote  oil  and  zinc  chloride  as  effective  wood  presernr 
tives  when  property  applied  and  when  used  under  proper  condi- 
tions. To  secure  successful  treatment,  the  timber  should  be 
properly  grouped  as  to  species,  prop>ortion  of  heartwood  and  sap- 
wood,  and  condition  with  respect  to  moisture.  Most  woods  can 
be  best  treated  after  being  air-seasoned. 

In  operating  with  zinc  chloride,  the  strength  of  the  solution  should 
be  varied  from  time  to  time  to  conform  with  the  conditions  of  the 
wood,  so  as  to  inject  the  required  quantities,  but  in  no  case  should 
the  strength  exceed  5  per  cent.    Ties  should  dry  for  some  time  be- 
fore they  are  put  in  track,  to  harden  the  outer  surface.     This  is 
preferably  done  in  piles  arranged  to  secure  drying  without  check- 
ing.   It  is  recommended  that  certain  sections  of  track  be  sdected 
for  making  accurate  tests  covering  the  life  of  treated  and  un- 
treated ties  of  various  kinds  of  timber  and  mider  different  treat- 
ments rather  than  to  attempt  to  keep  records  of  all  ties  in  tracL 
The  ties  inserted  in  this  test  section  should  be  marked  with  da.tr 
ing  nails.    In  order  to  judge  of  the  penetration,  borings  should  bj. 
made  in  not  less  than  six  ties  in  each  cylinder  load,  and  holes  shouM 
be  plugged  with  creosote  turned  plugs.    All  material  should  m\ 
framed  and  holes  bored  as  far  as  possible  before  treatment.  | 

For  creosote  oil,  the  specifications  call  for  the  best  obtainable  ] 
grade  of  coal-tar  creosote,  free  from  other  oils,  tars  or  substances  | 
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oreign  to  pure  coal-tar.  The  specific  gravity,  temperature  at 
prliich  it  is  completely  liquid,  distillate,  etc.,  are  specified,  as  is  also 
lie  apparatus  for  performing  the  tests.  The  general  requirements 
kf  the  specifications  for  the  treatment  state  that  ties  should  not  be 
jeated  until  air-seasoned.  The  method  of  piling  green  ties  is  speci- 
ied,  and  the  suggestion  made  that  it  is  best  to  determine  by  ex- 
>eriment  the  weight  per  cubic  foot  at  which  each  class  will  best  re- 
reive  treatment,  and  then  to  weigh  for  treatment,  being  careful 
lot  to  allow  overseasoning  or  deterioration.  Ties  treated  in  the 
ame  run  should  be  as  nearly  as  possible  uniform  in  character  of 
imber  and  degree  of  seasoning.  They  should  be  separated  into 
groups  according  to  permeability  as  ascertained  by  experiment, 
md  no  ties  should  be  put  into  cylinders  which  do  not  conform  to 
Lhe  requirements  as  to  shakes,  checks,  etc.  If  ties  are  thoroughly 
ur>seasoned,  a  vacuum  not  less  than  24  in.  of  mercury  should  be 
maintained  for  at  least  10  minutes,  after  which  the  preservative 
should  be  admitted  without  breaking  the  vacuum.  When  ties  not 
thoroughly  seasoned  are  to  be  treated  with  metallic  salts,  the  ties 
should  be  placed  in  cylinders,  the  door  closed  and  live  steam  ad- 
mitted at  such  a  rate  as  to  secure  20  lb.  of  steam  pressure  within 
)0  to  50  minutes  the  pressure  to  be  maintained  from  i  to  5 
^ours,  depending  upon  the  condition  of  the  timber,  but  the  pres- 
sure at  no  time  should  be  allowed  to  exceed  20  lb.  During  steam- 
liig,  a  vent  should  be  kept  open  at  the  bottom  to  permit  the  escape 
of  air  and  condensed  water  from  the  cylinder. 

When  ties  which  are  not  seasoned  must  be  treated  with  creosote, 
either  long  steaming  or  seasoning  in  hot  creosote  oU  within  safe 
limits  of  heat  must  be  resorted  to.  When  the  steaming  is 
completed  the  steam  should  be  blown  off  and  a  vacuum  of  not 
less  than  24  in.  produced,  if  at  sea  level,  or  a  corresponding  value 
if  above  sea  level,  the  vacuum  to  be  maintained  for  at  least  H 
hour  and  the  preservative  admitted  without  breaking  the  vacuum. 

For  zinc-chloride  treatment,  the  amount  injected  should  be 
equivalent  to  H  lb.  of  dry  soluble  zinc  chloride  per  cubic  foot  of 
timber.  The  solution  should  be  as  weak  as  can  be  used  and  still 
obtain  the  desired  absorption;  it  should  not  be  stronger  than  5 
per  cent.  The  cylinder  should  be  entirely  filled  with  perservative 
at  a  temperature  of  at  least  140  deg.  and  maintained  full  while 
the  pressure  is  on,  an  air  vent  being  provided  for  releasing  the  air 
coining  from  the  charge.  Zinc  chloride  should  be  slighUy  basic 
and  free  from  free  acid. 

For  the  2dnc-tannin  treatment  the  zinc-chloride  injection  should 
be  the  same  as  for  the  zinc-chloride  treatment.  After  this  the  ties 
should  be  allowed  to  drain  for  15  minutes,  and  2  per  cent,  solution 
of  tannic  add,  made  by  mixing  694  lb.  of  30  per  cent,  extract  of 
tannin  with  100  lb.  of  water,  run  in  and  a  loo-lb.  pressure  main- 
tained H  hour.  This  should  then  be  run  off  and  a  i  per  cent. 
solution  of  glue  admitted  to  the  cylinder  and  a  loo-lb.  pressure 
maintained  for  H  hour. 

For  plain  creosoting,  the  creosote  oil  should  be  heated  to  a  tem- 
perature of  not  less  than  160  deg.  and  maintained  at  this  tem- 
perature during  injection.    The  cylinder  should  be  entirely  filled 
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with  preservative,  an  air  vent  being  used  to  remove  the  air  com- 
ing from  the  charge.  At  least  once  during  each  week  samples  nl 
oil  shoidd  be  taken  from  the  cylinder  during  the  treatment  and  tfe 
water  in  the  oil  determined.  If  it  exceeds  the  specified  aixiount,« 
correspondingly  greater  quantity  shall  be  injected;  the  excess  be- 
ing limited  to  6  per  cent. 

In  the  2dnc-creosote  emulsion  treatment  an  emulsion  of  zinc 
chloride  and  creosote  oil,  the  latter  being  at  least  lo  per  cent,  d 
the  whole,  should  be  admitted  and  pressure  maintained  until  the 
desired  absorption  is  obtained.  This  amount  should  be  sufficient 
to  leave  in  the  wood  an  equivalent  of  tio  lb.  of  dry  soluble  ziiic 
chloride  and  iH  to  iH  lb.  of  creosote  per  cubic  foot.  The  creo- 
sote oil  used  should  be  as  nearly  as  possible  of  the  same  specific 
gravity  as  the  zinc-chloride  solution.  It  should  preferably  om- 
tain  a  large  percentage  of  tar  adds  and  a  small  percentage  of 
naphthalene.  An  effective  stirring  apparatus  must  be  used  in  tft 
storage  tank  and  preferably  also  in  the  cylinder. 

For  the  two-injection  zinc-chloride  treatment  fio  lb.  of  ati 
chloride  per  cubic  foot  is  first  injected.  The  zinc  chloride  is  tfatt 
run  out  and  creosote  oil  is  injected  to  the  amount  of  3  lb.  per 
cubic  foot.  The  temperature  for  injection  is  140  deg.  for  al 
the  methods  except  the  plain  creosote,  and  the  pressiure  100  fit. 
except  wl^ere  the  quantity  of  antiseptic  is  specified.^  The  zinc- 
chloride  process  is  low  in  first  cost,  and  satisfactory  in  a  diy  cfi- 
mate.  The  glue  and  tannin  are  added  to  prevent  the  zinc  chbiide 
from  leaching  out;  the  creosote  may  be  considered  as  added  lor 
the  same  purpose,  or  the  zinc  chloride  may  be  considered  as  adW 
to  the  creosote  to  reduce  cost. 

Creosoting  is  the  standard  method  for  bridge  timber  and  itsvft 
for  ties  is  increasing.  The  quantity  varies  from  6  to  12  lb.  of 
creosote  oil  per  cubic  foot  for  ties,  to  10  to  20  lb.  for  timber  aad 
piling. 

The  choice  of  the  proper  preservative  is  dependent,  in  a  grett 
measure,  upon  local  conditions.  Full-cell  treatments,  with  a 
high-grade  creosote  oil,  will  insure  the  maximum  protection,  but  it 
is  by  no  means  uncertain  that  full-cell  treatments  with  petroleum 
oil  or  other  heavy  oils  will  not  offer  an  equal  amount  of  protec- 
tion. The  chief  danger  in  employing  such  oil  would  He  in  not  using 
it  in  quantities  sufficient  to  keep  out  moisture  or  air.  It  wouM 
seem  that  an  entirely  satisfactory  oil,  having  antiseptic  qualities, 
can  be  obtained  from  the  distillation  of  water-gas  tar,  and  as  this 
material  may  be  readily  obtained,  its  general  use  would  do  mud 
toward  solving  the  difficulty  of  obtaining  suitable  oils  at  a  rea* 
sonable  cost.  While  from  a  theoretical  standpoint  the  use  of  metalfie 
salts  cannot  be  recommended  for  poles  and  cross-arms  on  accoual 
of  their  solubility,  still,  in  view  of  the  exceptional  results  obt^unel 
in  Germany  by  the  use  of  copper  sulphate  and  mercuric  chloridC; 
it  is  impossible  to  say  that  these  cannot,  at  times,  be  used  to  grcA 
advantage.  It  is  recommended,  however,  when  salt  treatmenli 
are  employed,  that  they  be  protected  against  leaching  by  cwh 
sote  or  some  such  similar  method,  and  also  that  due  caution  b^ 
exercised  in  choosing  this  method  of  treatment. 
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Since  much  of  the  treating  which  will  be  done  by  electric  rail- 
«ray  companies  is  likely  to  be  by  the  open-tank  process,  special  at- 
tention should  be  paid  to  specifications  covering  suitable  oils,  it 
being  remembered  that  a  large  part  of  the  oil  distilling  under  200 
deg.  C.  is  Ukely  to  be  lost  by  volatilization  during  the  process 
[>f  treatment,  thus  greatly  increasing  the  cost.  The  oil  to  be 
used  in  the  open  tank  should  constitute  the  higher  boiling  portions 
of  the  tar. 

Preservative  Processes 

General.  There  are  several  causes  underlying  the  rapid  devel- 
opment which  has  resulted  in  the  modern,  highly  efficient  processes 
for  impregnating  timber  with  preservatives.  The  most  important, 
perhaps,  was  the  early  recognition  of  the  fact  that,  however  great 
might  be  the  value  of  a  preservative  in  retarding  or  preventing  de- 
cay, from  a  theoretical  standp>oint,  its  practical  efficiency  was 
likely  to  be  largely  dependent  upon  the  extent  to  which  it  was 
driven  into  the  timber.  For  this  reason,  the  early  methods  of 
steeping  the  timber  in  the  cold  preservative  contained  in  an  open 
tank  or  vat  was  soon  almost  entirely  superseded  by  processes  in- 
suring deeper  penetration.  Another  important  factor  underlying 
this  development  was  the  growing  demand  made  upon  commercial 
plants  for  treated  timber,  coincident  with  the  recognition  of  the 
great  economic  value  of  timber  preservation  and  the  urgent  ne- 
cessity for  husbanding  the  diminishing  supply  of  timber  suitable  for 
railroad  and  other  purposes. 

As  in  other  branches  of  business,  increased  demand  on  the  part  of 
the  consumer  resulted  in  increased  effort  on  the  part  of  the  treating 
plants  to  turn  out  a  maximum  amount  of  satisfactory  work  in  the 
shortest  possible  time,  while  reducing  the  cost  to  a  minimum. 
The  greatest  aid  in  the  achievement  of  this  end  has  been  the  em- 
ployment of  artificial  pressure  in  injecting  the  fluid,  it  being 
found  that  by  its  use  deep  penetration  could  be  gotten  in  a  com- 
paratively short  time. 

Owing  to  the  heavy  cost  of  installing  high-pressure  systems,  how- 
ever, there  are  comparatively  few  privately  operated  plants  in  the 
United  States,  and  for  this  reason  the  small  consumer  of  treated 
timber  must  either  purchase  from  the  large  commercial  plants, 
often  so  remote  as  to  make  the  cost  almost  or  quite  prohibitive,  or 
treat  locally  by  a  less  costiy  process.  To  meet  the  demands  of  this 
class,  as  well  as  those  who  desire  only  a  moderate  protection  at  a 
small  cost,  the  United  States  Forest  Service  has  devoted  con- 
siderable time  to  the  development  of  the  open-tank  or  low-pressure 
system,  and  has  brought  its  efficiency  to  such  a  degree  that  in 
;  many  instances  it  is  possible  to  obtain  adequate  protection  at  a  very 
low  cost.  Such  plants  can  usually  be  operated  by  unskilled  labor, 
i  require  no  expensive  apparatus,  and  involve  a  very  small  initial 
investment. 

All  processes  for  treating  timber  may  be  considered  under  three 
heads — high  artificial  pressure  systems,  the  atmospheric  pressure 
systems,  and  the  low  artificial  pressure  systems;  the  first  including 
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most  of  the  commercial  plants,  the  second  and  third,  the   small 
individual  plants. 

High  Artificial  Pressure  Processes.  High<pressure  processs 
may  be  either  full  cell  or  empty  cell,  depending  upon  whether  ff 
not  the  full  amount  of  preservative  injected  into  the  timber  ii 
left  in  the  cells  or  a  portion  subsequently  withdrawn.  The  advo- 
cates of  the  full-cell  treatments  claim  that  unless  the  fuU  amount  oC 
the  preservative  is  left  in  the  timber,  sufficient  protection,  against 
decay  will  not  be  afforded;  while  the  advocates  of  the  empty-cdl 
treatments  claim  that,  provided  the  penetration  is  deep,  it  is  only 
necessary  to  leave  a  thin  coating  of  the  preservative  on  the  cell- 
walls.  Obviously,  empty-cell  treatments  result  in  considerable 
economy  of  the  preservative.  The  most  prominent  of  the  full- 
cell  processes  are  the  Bethell,  Burnett,  Card,  Allardyce,  Wellhouae^ 
and  Rutgers.  Of  the  empty  cell  processes,  the  Ruping  and  Lovijr 
are  the  best  known. 

Full-cell  Treatments — Bethell,    The    best  known  of  all  p^ 
servative  systems  is  the  full-cell  Bethell,  employing  straight  cr» 
sote  as  the  preservative.    In  operating  the  Bethell  process,  ds 
timber  to  be  treated  is  loaded  upon  trucks  and  run  into  a  cyiudet 
capable  of  withstanding  a  high  pressure.    These   cylinders,  or 
retorts,  as  they  are  now  called,  are  sometimes  as  much  as  9  ft. 
in  diameter  and  165  ft.  long.    They  are  made  of  boiler  plate  and 
are  provided  with  doors  which  may  be  hermetically  sealed  and  are 
tight  under  a  high  pressure.    For  light  treatment,  the  timber 
may  be  only  air  seasoned,  but  when  a  heavy  treatment  is  desM 
the  timber  is  steamed  after  it  is  put  into  the  cylinder.     The  mediotf 
of  operation  is  as  follows:    After  the  doors  are  closed,  live  steaa^ 
admitted   and   a  pressure  of  about   20  lb.   per  square  indiv 
maintained  for  several  hours,  the  exact  time  depending  upon  tiie 
individual  opinion  of  the  operator  as  well  as  upon  the  moistmc 
content  and  the  size  of  the  timber  being  treated.    In  some  cases  tke 
steam  pressure  is  allowed  to  go  considerably  above  20  lb.,  bat 
much  above  this  there  is  constant  danger  of  injuring  the  timber. 
When  the  steam  is  finally  blown  out  of  the  cylinder,  a  vacuum 
is  created  and  as  much  of  the  air  as  possible  is  exhausted  from  the 
cylinder  and  from  the  wood  structure.    The  condensed  steam  and 
sap  from  the  wood  are  drawn  off  at  the  same  time.     The  exhaus- 
tion period  varies  with  the  extent  of  the  treatment.     Finally, 
after  a  sufficient  vacuum  is  obtained,  the  creosote  oil  is  run  into  the 
cylinder  and  the  pressure  pumps  are  started  and  continued  until  the 
desired  amount  of  preservative  fluid  has  been  injected.    The  re- 
maining oil  is  then  forced  back  into  the  storage  tanks.    The  timber 
is  allowed  to  drip  for  a  few  minutes  and  finally  the  cylinder  doors  are 
opened  and  the  treated  timber  withdrawn.    The  whole  cydc  of 
operation  takes  from  6  to  20  hours,  depending  upon  the  con- 
dition &nd  kind  of  timber,  size  of  treating  cylinder,  quantity  rf 
injection,  etc.    As  a  rule,  it  requires  about  sH  hours  for  steaming 
about  I  hour  for  vacuum  and  whatever  time  it  may  be  necessai/ 
to  get  the  required  injection. 

Burnett,  The  Burnett  process  is  similar  to  the  Bethell,  but,  in- 
stead of  using  creosote  as  the  preservative,  it  employs  a  2  to 
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3  per  cent,  solution  of  zinc  chloride,  which  is  injected  into  the 
timber  under  pressure  in  the  same  way.  The  use  of  zinc  chloride, 
or  **  Burnettizing,"  for  treating  railroad  ties  dates  from  1850. 

Wellhouse.  The  users  of  the  Wellhouse  process  claim  to  have 
overcome  the  chief  objection  of  the  Burnett  system;  namely,  the 
solubility  of  zinc  chloride  and  the  consequent  danger  of  its  being 
dissolved  out  of  the  timber  when  it  is  put  into  use.  To  prevent 
this  the  zinc-chloride  treatment  is  followed  by  an  injection  of  glue 
and  tannin,  which  forms  an  insoluble  "leather"  stopping  up  the 
wood  pores. 

Rutgers,  This  is  another  method  of  preventing  the  leaching 
of  the  zinc  chloride.  A  mixture  of  zinc  chloride  and  creosote  is 
employed  consisting  of  from  15  to  20  per  cent,  creosote  and 
a  3  to  4  per  cent,  solution  of  zinc  chloride.  The  emulsion  is 
forced  into  the  timbers,  as  in  the  Burnet tizing  and  BetheU 
processes.  This  system  is  extensively  used  in  Europe,  and  to 
some  extent  in  this  country. 

Card.    This  process  substitutes  creosote  oil  for  the  glue  and 
tannin  of  the  Wellhouse  process,  it  being  claimed  that  the  oil  is 
effective  in  preventing  the  zinc  chloride  from  being  dissolved  out. 
The  chief  difference  between  this  process  and  the  Riitgers  is  that 
during  the  time  of  injecting  the  liquid  into  the  timber  the  mixture 
is  kept  in  continuous  circulation  by  means  of  a  centrifugal  pump. 
It  is  claimed  that  this  precludes  the  possibility  of  a  separation  of 
the  zinc  chloride  and  creosote,  and  insures  a  uniform  injection  of 
the  preservatives.    The  following  statement  is  made  by  the  ex- 
I^oiters  of  the  Card  system  concerning  its  operation  and  efficiency: 
**In  the  zinc-creosote  or  mixed  treatment,  as  it  is  sometimes 
called,  the  light  oils,  such  as  phenols  and  cresols,  to  a  certain  ex- 
tent, are  soluble  In  hot  water  and  are  carried  with  the  zinc  chloride 
into  the  heartwood  of  the  timber  as  well  as  through  the  sapwood. 
The  heavy  oils  will  not  penetrate  the  heartwood  but  are  deposited 
in  the  sapwood,  and  as  these  heavy  oils  are  insoluble  in  water  they 
prevent  the  zinc  chloride  from  leaching  out  of  the  timber.    The 
two  solutions  are  kept  constantly  mixed  while  under  pressure  by 
means  of  a  centrifugal  pump  attached  to  the  treating  cylinder;  the 
suction  to  this  pump  is  connected  to  the  top  of  the  cylinder,  in  the 
middle  and  at  each  end,  and  the  discharge  from  the  pump  enters 
the  bottom  of  the  cylinder,  and  is  distributed  the  entire  length  of 
the  cylinder  through  a  perforated  pipe.    The  mixing  device  works 
under  the  same  pressure  that  is  applied  to  the  treating  cylinder. 
The  appliance  for  mixing  the  emulsion  can  be  applied  to  any  kind 
of  cylinder  and  is  inexpensive  in  its  first  cost,  operation  and  main- 
tenance.   Since  its  installation  at  the  several  plants  now  using  the 
einc-creosote  process,  the  contention  by  some  that  the  creosote 
and  zinc  solution  cannot  be  mixed  is  proven  to  be  without  founda- 
tion, as  all  samples  drawn  from  different  parts  of  the  retorts,  and 
at  all  times  during  the  process  of  treating,  show  the  oil  and  solution 
to  be  in  the  exact  proportions  intended.    A   water  solution  of 
chloride  of  zinc  has  greater  penetrating  powers  than  creosote  oil, 
and  therefore  it  can  easily  be  injected  under  pressure  throughout 
the  heartwood  of  timber.'' 
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This  description  serves  well  to  illustrate  the  principles  under- 
lying the  processes  employing  the  zinc-chloride  and  creosote  com- 
bination. All  of  them  are  operated  under  the  theory  that  tlK 
creosote  will  serve  as  a  plug  to  hold  in  the  zinc  chloride. 

AUardyce,  The  Allardyce  process  also  employs  creosote  aai 
zinc  chloride,  but  in  this  method  of  treatment  the  zinc  chloride  is 
first  injected  and  then  followed  by  a  separate  treatment  of  creosote 
amounting  to  about  i  to  3  lb.  per  cubic  foot.  The  advocates 
of  this  process  claim  that  inasmuch  as  the  creosote  oil  follows  the 
zinc  chloride,  a  more  effective  protection  is  offered  against 
leaching  out  of  the  salt,  the  creosote  acting  as  a  plug. 

Empty-cell   Treatment    RUping,    The   RUping    process  aims 
to  secure  protection  against  decay  with  a  comparativdy  smaU 
quantity  of  creosote.    Only  thoroughly  air-seasoned  timber  caa 
be  used  in  this  process,  because  its  successful  operation  depends 
upon  compression  of  the  air  in  the  wood-cells.    The  preliminaijr 
steaming  and  vacuum  as  carried  out  in  the  Bethell  process  m 
therefore  omitted.    After   the  timber  has  been  placed   in  U 
cylinder  and  the  doors  are  closed,  it  is  subjected  to  an  air  pressoR 
of    about    75   lb.,   which  compresses  the  air  contained  in  tlie 
cells.    Still  holding  this  pressure,  the  creosote  is  forced  into  the 
cylinder  at  a  higher  pressure,  and  after  the  timber  has  been  wd 
covered  with  the  preservative,  the  pressure  is  increased  to  about 
225  lb.    This  increased  pressure  forces  the  oil  into  the  wood-cdis. 
Then  the  pressure  is  released  and  the  expansive  force  of  the  com- 
pressed air  within  the  wood  forces  out  a  part  of  the  oil  and  leaves 
merely  a  coating  of  the  preservative  on  the  cell-walls.     The  suiphs 
oil  is  then  run  back  into  the  storage  tank.    The  expulsion  of  it 
surplus  oil  may  be  increased  by  a  vacuum  in  the  treating  cyliiifai. 

Lowry.  As  in  the  Ruping  process,  the  timber  is  seasoned  bebR 
treatment,  but  no  compressed  air  is  employed  in  injecting  ^ 
preservative.  As  soon  as  the  cylinder  is  closed,  the  oil  is  ad- 
mitted and  forced  into  the  timber  by  pressure.  Then  the  oil  is 
run  out  of  the  cylinder,  and  a  high  vacuum  is  quickly  drawn.  It 
is  claimed  that  the  sudden  expansion  of  the  air,  which  has  been 
compressed  in  the  wood-cells,  drives  out  the  surplus  oil,  and  that  a 
deep  penetration  but  light  treatment  is  thereby  given  to  the  timber. 

Atmospheric  Pressure  Processes.  It  is  possible  by  means  of 
some  of  the  modifications  of  the  atmospheric  or  low-pressure  sys- 
tems to  effect  full-cell  or  empty-cell  treatment  as  in  the  high-pressute 
systems.  Such  treatments  cannot  be  given  with  the  same  degree 
of  facility  or  with  the  same  effectiveness  as  with  the  high-pressuie 
systems,  but  in  many  instances  the  treatment  is  adequate. 

Full-cell  Treatments — Steeping  in  Cold  Preservatives.  The 
simplest  form  of  non-pressure  full-cell  treatments,  if  such  a  term 
can  be  applied  to  a  process  usually  giving  only  superficial  treat* 
ment,  is  the  cold-steeping  or  soaking  process  extensively  employed 
in  the  early  days  of  wood  preservation  and  used  to  some  extent  ll 
the  present  time.  The  timber  to  be  treated  is  placed  in  an  opet 
vat  and  covered  with  the  cold  solution,  which  may  be  mercuric 
chloride,  zinc  chloride,  copper  sulphate,  or  creosote  oil,  as  the  case 
may  be.    In  using  mercuric  chloride,  it  is  necessary  to  employ  noo- 
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Enetallic  steeping  pits  on  account  of  the  corrosive  action  of  the 
mercury.  This  treatment  has  proven  very  effective  in  preserving 
timber,  though  in  this  country  its  use  for  line  timber  has  been  con- 
Qned  almost  entirely  to  the  New  England  States,  where  some 
electric  companies  used  kyanized  cross-arms. 

Hot  or  Boiling  Treatments.  Timber  is  sometimes  treated  by 
simply  boiling  it  in  the  preservative  contained  in  an  open  tank  or 
closed  retort  for  varying  lengths  of  time.  The  preservative  most 
commonly  used  in  this  process  is  a  heavy  creosote  oil.  The  Forest 
Service  reports  that  the  following  method  is  used  on  the  Pacific 
coast  for  Douglas  fir,  which  is  an  exceedingly  difficult  wood  to  treat. 
Xhe  timber,  usually  green,  is  placed  in  a  treating  cylinder  con- 
taining creosote  heated  to  a  temperature  slightly  above  the  boil- 
ing pomt  of  water.  This  hot  bath  is  continued  for  a  time  varying 
irom  several  hours  to  2  days  or  more.  The  duration  of  treatment 
<iepends  upon  the  size  and  condition  of  the  timber.  During  the  bath 
much  of  the  water  contained  in  the  sap  is  driven  off  together  with 
tbe  volatilized  light  oils.  These  vapors  are  caught  in  a  condenser, 
the  water  separated,  and  the  oil  then  run  back  into  the  receiving 
tank  to  be  used  over  again.  Finally,  an  oil  pressure  of  from  100 
to  1 25  lb.  is  applied,  and  at  the  same  time  the  temperature  of  the 
oil  is  allowed  to  faU,  thus  forcing  the  preservative  into  the  timber. 
Xhis  practice  is  subject  to  the  general  objection  that  it  is  unwise 
to  treat  timber  before  it  has  had  time  to  dry  out  in  the  open  air. 
It  is  evident  that  the  efficiency  of  the  process  is  much  ei^anced 
by  the  final  application  of  pressure,  and  that  simply  boiling  in  an 
open  tank  is  very  unsatisfactory  and  inefficient. 

The  following  is  the  method  used  by  Mr.  Martin  Schreiber, 
Cngr.  Maintenance  of  Way,  Public  Service  Railway  Co.,  New 
Jersey,  in  the  preservative  treatment  of  ties,  poles  and  cross-arms. 
Carbolineum  is  used  exclusively.  This  treatment  is  applied  to  long 
leaf,  sound  and  square  edge  yellow  pine  ties,  the  ties  being  pre- 
viously seasoned  for  approximately  100  days  after  arrival  at  the 
Passaic  Wharf,  Newark,  N.  J.  The  open  tank  used  is  of  the  fol- 
lowing dimensions:  30  ft.  long  by  10  ft.  wide  by  2  ft.  deep,  the  oil 
being  heated  by  means  of  steam  coils  in  the  bottom  of  the  tank, 
through  which  a  temperature  of  from  212  to  240  deg.  F.  is 
obtained.  The  ties  are  placed  on  an  endless  chain  conveyor  and 
passed  through  the  oil  in  the  tank.  This  requires  about  15 
minutes,  the  ties  receiving  a  penetration  of  H  to  f{6  in.,  thereby 
obtaining  a  complete  fungi  resisting  zone  around  the  tie.  Cross- 
arms  are  treated  by  dipping  them  into  a  smaller  tank  14  ft.  long 
by  3  ft.  deep  by  3  ft.  wide,  and  the  arms  are  only  immersed  for  a 
period  of  5  minutes,  obtaining  a  penetration  of  about  H«  in. 
Only  the  butts  of  chestnut  poles  are  dipped.  The  treatment  covers 
a  distance  of  at  least  2  ft.  above  the  ground  line.  This  is  because 
the  main  trouble  is  encountered  at  the  ground  line  or  a  few  inches 
above  or  below  it.  The  yellow  pine  poles  are  treated  their  entire 
length  with  creosote  oil  under  pressure. 

Alternate  Hot  and  Cold  Treatment  This  process  is  usually 
carried  out  in  an  open  tank,  and  it  is  the  one  generally  known  as 
the  ''Open-tank  System."    However,  in  some  situations  it  has 
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been  found  advisable  to  employ,  in  canying  out  the  process,  t 
low,  artificial  pressure,  which  necess*tates,  of  coiuse,  a  closed  tuk 
or  retort.  The  wood  is  first  treated  with  ofl  brought  to  a  tempoi' 
ture  of  from  i8o  to  220  d^.  F.,  for  a  sufficient  length  of  timeli 
heat  the  wood  uniformly  to  the  temperature  of  the  preservatiK 
It  is  then  either  changed  to  another  bath  containing  cold  pi^ 
servative  or  the  hot  preservative  is  drawn  out  and  replaced  by  t 
charge  of  cold  preservative  at  or  below  atmospheric  temperatoif; 
or  the  timber  may  be  allowed  to  remain  in  the  heated  oil,  heil^ 
ing  being  stopped  and  the  oil  permitted  to  cool  down.  Hh 
theory  imderlying  the  successful  operation  of  any  of  these  mdd^ 
fications  is  that  the  preUminary  heating  expands  the  air  in  the  wood- 
cells,  and  when  the  cold  oil  is  introduced  the  sudden  contractidt 
creates  a  partial  vacuum  which  draws  in  the  oil.  In  some  ii- 
stances,  exceedingly  good  penetration  has  been  obtained  by  tis 
method,  but  it  is  not  applicable  to  all  classes  of  wood,  owing  to  de 
variations  in  their  penetrability. 

The  simplest  equipment  for  the  treatment  of  poles  and  croA; 
arms  by  the  open-tank  method  consists  of  a  tank,  about  8 
deep,  set  high  enough  above  the  ground  to  permit  a  fire  beiMfll 
it.    Facilities  should  be  provided  for  the  convenient  ln^nHliiy  d 
the  poles.    Where  steam  is  available,  it  may  be  used  to  advant^ 
to  heat  the  liquid  by  means  of  a  coil  in  the  tank  and  also  to  opoafe 
a  hoisting  engine  for  handling  the  poles.    The  liquid  may  be 
pumped  from  the  treating  tank  to  make  room  for  the  cold  oSi  to 
be  introduced  from  another  tank,  or  two  treating  tanks  maybe 
employed,  one  for  the  hot  treatment  and  one  for  the  cold.  U 
connection  with  its  California  experiments,  the  Forest   Sernbr 
described  a  pole-treating  plant  having  a  capacity  of  120  poles  fff 
day,  which  was  estimated  to  cost  between  lour  and  five  thoosw 
dollars;  or  a  plant  with  a  capacity  of  fifty  poles  per  day,  estimated 
to  cost  two   thousand  doUars.    The  latter   equipment   was  to 
consist  of  one  12,000-gal.  iron  storage  tank,  two  5-ft.  by  8-ft. 
treating  tanks,  one  6o-ft.  mast  with  i6-ft.  boom  derrick,  a  snoM. 
hoisting  engine,  a  20-h.p.  boiler,  steam  coils  for  heating  the  treating 
tank,  and  one  steam  oil  pumo,  capacity  2000  gal.  per  hour. 

Open  Tank.  Empty-cell  Treatment  In  the  full-cell  treatmcat 
with  creosote  oil,  the  timber  is  removed  from  the  tank  with  a  coft- 
siderable  amount  of  oil  on  its  surface.  This  is  objectionable,  not 
only  on  account  of  the  waste  of  oil,  but  also  because  of  the  subse* 
quent  dripping  of  the  oil  from  the  poles  and  cross-arms  after  thief 
have  been  installed.  This  difficulty  is  said  to  be  overcome  by  Ukr 
ing  a  third  step  in  the  open-tank  treatment  before  described.  B^ 
fore  removing  the  timber,  after  the  cold  bath,  it  is  reheated  to  300 
deg.  F.  for  a  period  of  from  2  to  3  hours.  The  same  result  may  be 
accomplished  by  taking  the  timber  out  of  the  bath  in  the  seooal 
stage  of  the  process,  after  the  creosote  has  cooled  down  throuf^i 
range  of  20  deg.  F.  This  causes  the  contracting  air  in  the  woel 
to  draw  in  the  free  oil  from  the  surface.  This  method  gives  abtfd 
the  same  penetration  as  the  full-cell  ooen-tank  process,  but  save  ft 
considerable  quantity  of  oil,  and  moreover,  leaves  the  surface  ei 
the  wood  dry. 
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Low  Artificial  Pressure  Systems.  The  Forest  Service  has  re> 
ceixtly  endeavored  to  combine  the  advantages  of  both  the  pressure 
and  non-pressure  processes  in  a  low-pressure  system.  The  seasoned 
timber  is  first  treated  in  a  hot  bath,  as  in  the  non-pressure  system, 
then  it  is  subjected  to  a  cold  bath;  but,  instead  of  depending  en- 
tirely upon  the  atmospheric  pressure  to  iforce  the  preservative  into 
the  wood,  some  artificial  pressure  is  also  applied.  The  low-pres- 
sure process  cannot,  of  course,  be  used  with  an  open  tank,  and 
requires,  preferably,  a  closed  cylinder,  as  in  high-pressure  work. 
The  advantage  claimed  for  this  method  is  that  it  requires  much 
less  time  for  treatment  than  in  the  open  tank,  and  a  greater  ab- 
sorption and  a  deeper  and  more  uniform  penetration  are  secured. 

In  the  treating  plant  of  the  Philaddphia  and  Reading  Coal  and 
Iron  Co.,  where  a  closed  retort  is  used  for  treating  mine  timber, 
the  timber  is  run  into  a  cylinder  on  small  buggies,  and  the  doors 
are  then  dosed  and  sealed  as  in  the  high-pressure  system.  Steam 
coils  heat  the  preservative  to  220  deg.  F.  After  the  hot  bath, 
V9bxch  is  continued  according  to  the  condition  and  size  of  the 
wood,  the  hot  preservative  is  drawn  off  to  the  lower  tank.  Cold 
oil  or  zinc  chloride  is  then  introduced  into  the  treating  cylin- 
der from  the  storage  tank.  A  small  pump  is  used  to.pump  the 
oil  back  to  the  storage  tank  and  sometimes  this  pump  is  employed 
to  produce  a  low  pressure  in  the  treating  cylinder. 

Miscellaneous  Treatments.  Brush  TreattnetUs.  Applying  the 
preservative  by  means  of  a  brush  is  the  most  common,  but  the  least 
efl5cient,  of  all  treatments.  For  good  results  it  is  essential  that 
the  timber  be  thoroughly  seasoned,  and  that  the  wood  be  dry  at 
the  time  of  treatment.  The  preservative  is  usually  kept  heated 
to  about  200  deg.  F.  and  is  applied  to  the  wood  with  a  suit- 
able brush.  Care  should  be  taken  to  fill  all  checks,  knot-holes, 
and  abrasions.  A  second  coat  should  be  applied  after  an  interval 
of  not  less  than  24  hours.  Besides  treating  the  butt  of  the 
pole,  the  roof  of  the  pole  and  cross-arm  gains  should  not  be 
overlooked,  as  such  cuts,  if  left  unprotected,  expose  the  interior 
to  decay.  Some  companies  report  that  they  apply  the  preserva- 
tive with  a  spraying  machine,  claiming  it  has  decided  advantages 
over  the  bru^  method  in  that  it  requires  less  labor  and  better  flls 
all  cracks. 

Brush  Combined  with  Open  Tank.  A  combination  of  open-tank 
and  brush  treatments  is  made  by  first  treating  the  timber  with 
zinc  chloride  in  an  open  tank,  then  giving  it  one  or  more  brush 
applications  of  creosote  or  heavy  tar  oil. 

Jacket  or  Butt  Settings.  Poles  are  sometimes  set  in  shells  of  con- 
crete. It  is  questionable  whether  this  preserves  the  pole  other 
than  in  a  mechanical  way  by  giving  greater  stability.  When  the 
concrete  hardens,  it  contracts  and  may  leave  a  space  around  the 
pole,  where  moisture  may  collect  and  cause  the  wood  to  decay. 
Some  operators  surround  the  pole  with  a  heavy  band  of  pitch  or 
tar.  This  is  not  as  desirable  as  the  concrete,  because  it  does  not 
add  to  the  mechanical  strength  of  the  pole  setting,  and  has  been 
known  to  create  rather  than  prevent  decay.  Mention  may  be 
made  here  of  a  patented  process  making  use  of  a  jacket  of  asbestos 
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and  asphaJtum  placed  around  and  at  i  or  2  in.  from  the  pole 
near  the  ground  line.  The  jacket  has  a  cement  bottom  aod 
is  filled  with  a  mixture  of  hydrated  lime,  chloride  of  sodium,  copper 
sulphate  and  sand.  Over  the  top  of  the  jacket  and  surroun(&{ 
the  pole  a  reinforced  cement  cap  is  placed.  It  is  claimed  that  tk 
chemicals  are  held  in  a  tight  compartment,  from  which  they  an 
slowly  dissolved  and  drawn  into  the  pole. 

Such   descriptions   might  be  continued  indefinitely    until  tit 
simplest  form  of  pole  preservation  or  butt  reinforcement  woe 
reached,  such  as  the  method  employed  by  a  large  telephone  com- 
pany, which  may  be  described  as  follows:  When  the  pole  butts  ut 
found  to  be  in  a  fairly  advanced  stage  of  decay,  a  stub,  having  about 
the  same  dimensions  as  the  pole  butt,  is  placed  in  the  ground  alon^ 
side  of  the  pole.    This  stub  is  long  enough  to  extend  from  tte 
bottom  end  of  the  pole  to  a  point  about  2  ft.  above  the  gnxod 
line.    It  is  secured  to  the  pole  butt  and  to  the  pole  above  Ik  i 
ground  either  by  wrappings  of  heavy  wire  or  by  through-bolts,  ctf  J 
more  stable  job  may  be  made  by  combined  wrapping  and  boldill 
This  plan  could  scarcely  be  carried  out  under  city  or  town  condh  ] 
tions,  as  the  unsightliness  of  the  stub  would  be  a  serious  objectxflk 
but  it  might  be  followed  successfully  on  trunk  lines  which  pass 
through  sparsely  settled  territory.    There  seems  no  reason  why  the 
upper  part  of  poles,  particulary  of  the  harder  species  of  wood, 
should  not  be  used  indefinitely  provided  always  that  the  butt  ran- 
forcement  is  made  as  strong  and  reliable  as  would  be  the  continuoos 
pole. 


SECTION  XI 
SIGNALS  AND  COMMUNICATION 

The  requisites  of  sienals  on  an  electric  railway  vary  with  many 
conditions;  whether  the  system  is  double  or  single  track;  whether 
t  is  a  city,  suburban  or  interurban  system;  whether  the  track  is 
(traight  or  has  many  curves;  whether  the  track  is  level  or  has 
Qdany  grades;  speed,  headway  and  braking  possibility  of  trains; 
uid  whether  direct  current  or  alternating  current  is  used  to  propel 
the  trains.  The  selection  of  proper  signal  apparatus  and  ar- 
rangement for  a  given  system,  therefore,  calls  for  an  individual 
study  of  that  particular  system.  Development  due  to  such  studies 
has  produced  a  great  many  types  and  varieties  of  signal  apparatus. 

Block  System.  The  methods  and  rules  by  means  of  which  the 
movements  of  a  train  on  a  section  of  track  are  controlled  relative 
to  the  movements  of  another  train  or  other  trains  on  the  same 
track  and  section  constitute  a  block  system. 

Block.  A  section  of  track  the  use  of  which  by  trains  is  thus  con- 
trolled constitutes  a  block. 

Block  SignaL  A  block  signal  is  a  signal  which  controls  the  use 
of  a  block. 

Home  Block  Sigoal.  A  home  block  signal  is  a  signal  which  con- 
trols trains  entering  and  using  a  block. 

Distant  Block  SignaL  A  distant  block  signal  is  a  signal  used  in 
CQimection  with  the  home  block  signal  to  regulate  the  approach  of  a 
train  to  that  home  block  signal. 

Signal  Location  acd  Arrangement.  The  most  important. features 
influencing  the  location  of  signals  are:  (a)  Maximum  braking  dis- 
tance  of  trains  as  affected  by  their  speed  and  weight  and  by  the 
grades  encountered;  {b)  location  of  sidings,  stations,  curves  and 
like  physical  features  of  the  right-of-way;  (c)  headway  of  trains 
to  maintain  the  schedule;  {d)  the  distance  at  which  signals  can  be 
easily  read  and  interpreted. 

,  Signals  are  usually,  where  possible,  placed  upon  the  right-hand 
side  of  the  track  looking  in  the  direction  of  the  traffic  which  they 
govern. 

Curve  Protection.  (Fig.  i.)  Signal  i  governs  west-bound  cars 
and  Signal  2   east-bound,  the  dangerous  or  obscured  track  lying 
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Fig.  I. — Curve  protection. 

between  the  two  signals.  The  dotted  Unes  show  the  control  limits 
of  the  two  signals,  or,  in  other  words,  the  extent  of  the  track  which 
controls  the  signals.  A  car  anywhere  between  Signal  2  and  point 
3  will  cause  Sijgnal  2  to  remam  in  the  "Stop"  indication,  while 
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Signal  I  is  affected  only  when  the  car  is  between  Signals  i  and  2, 
Should  two  following  cars  approach  a  protected  curve  close  together 
the  second  car  womd  be  sto[^)ed  by  the  signal  until  the  first  car 
had  passed  beyond  the  limits  of  control  of  that  signal. 

Preliminary.    Were  Signal  2  controlled  only  up   to    Signal  i, 
it  would  then  be  possible  for  two  cars  to  simultaneously  pass  Signah 
I  and  2y  each   receiving  a  proceed  indication.     This    may  be 
avoided  by  the  use  of  a  setting  section,  or  preliminary^  eztendiag 
beyond  one  of  the  Signals,  as  1-3.    This  pretiminary  sectioD  shooU 
not  ordinarily  be  less  than  1000  ft.  in  length  and  a  length  of  1500 
ft.  is  preferable.     By. the  use  of  this  preliminary  a  car  nmmng 
west  sets  Signal  2  to  stop  after  passing  pcnnt  3,  and  in  case  an  east* 
boimd  car  has  not  already  passed  Signal  2,  it  would  be  stopped  \sf 
it.    In  case,  however,  the  east-bound  car  had  passed  Sigiud  2  be- 
fore the  one  west  bound  i>assed  point  3,  Signal  i  would  be  s^  to 
stop,  being  controlled  to  Signal  2,  and  the  west-bound  car  woaU 
be  stopped  at  Signal  i.    The  fact  that  Signals  i  or  2  are  iai( 
proceed  indication  gives  the  governed  car  the  right  to  procoi  | 
only  up  to  the  opposing  signal,  or  through  the  block,  for  if ,  as  in  tke 
last-mentioned  case,  an  east-bound  car  passes  Signal  2  before  tbe 
west-bound  car  passes  point  3,  the  latter  will  stop  at  Signal  i  and 
the  opposing  car,  having  had  a  proceed  signal  at  2,  might  meet 
with  an  accident.    If  a  preliminary  were  usoi  on  both  ends^  or  tbe 
control  of  each  signal  were  extended  out  beyond  the  other,  two  op- 
posing cars  might  get  into  the  preliminary  sections  at  the  suae 
time.    In  this  event  both  signab  would  assume  the  stop  indkatioa 
and  neither  car  could  proceed.    It  is  theretoe  desirable  to  locate 
tbe  signals,  in  a  case  of  this  kind,  at  least  within  braking  dista«e 
from  the  point  of  curve  so  that  if  one  car  is  standing  at  a  sigiala 
oppo«ng  car  rounding  the  curve  wi&  be  able  to  stop  before  leadh 
ing  the  signal. 

Intermediate  Signals,     (Fig.  2.)     WheretheuseoiapcefiminaiT 
(see    preceding   paragraph)    is   prevented,    inteimediate   sagnah 
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Pig.  2. — Intermediate  signals. 

are  sometimes  used.  The  purpose  of  these  intermediate  signals 
(i  and  4)  is  to  afford  protection  if  two  trains  running  in  opposite 
directions  should  happen  to  pass  points  2  and  3  at  the  same  time 

Signaling  Schemes  Iw  Suburban  a&d  Intorttrbaa  Service 

The  selection  of  a  signaling  scheme  for  a  given  service  calls  for 
a  special  study  of  each  case.  The  following  general  schemes  (Figfc 
3  to  17,  inclusive)  for  suburban  and  interurban  service  were  s«f> 
gested  by  the  19 13  Joint  Committee  on  Block  Signals  for  Ellccm 
Railways,  A.E.R.E,A.,  as  being  usable  in  tbe  deyelopmept  o{ 
such  a  study. 
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Skigle-tiack  Sttbtuban  RAilway,  Headway  5  to  30  Minutes^ 
Speed  luxt  Ezceedtng  ao  Miles  per  Hour.  Employing  either  noct- 
counting  or  car-counting  signals.  (Figs.  3  to  6,  inclusive;  in 
wfaieh  5  indicates  Set»  i.e,^  counting  into  block,  R  indicates  Re- 
store, i,e,y  counting  out  of  block.  Dotted  lines  from  a  signed  con- 
tactor indicate  control  by  that  contactor.  Arrow  beads  pointing 
toward  signals  indicate  setting  movements;  arrow  heads  pointing 
ti>ward  contactors  indicate  restoring  movements  in  the  direction 
as  indicated  by  the  arrow  head.) 

Scheme  I.  (Fig.  3.)  East-bound  cars  take  the  siding  and  west^ 
bound  cars  remain  on  the  main  track.  An  east-bound  car  from 
A  to  B,  by  I,  sets  B  to  stop,  and  A  is  changed  to  register  car  into 
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A—B,    Upon  reaching  siding  at  B  the  ear  is  counted  out  of  A-B  at 
2.     If  C  is  in  a  permissive  indication  the  car  may  proceed  under  3, 
thereby  counting  itself  into  C-D.    If,  however,  a  west-bound  car 
is  in  C-Dy  C  will  be  at  stop  and  the  east-bound  car  will  remain  in 
the  siding  until  the  west4x>und  car  has  passed  C  which  will  be 
restored  at  6.    For  regular  movements  east-bound  cars  count 
i&to  A—B  and  C-D  at  i  and  3,  respectively,  and  count  out  at  2 
and  4,  respectively.     West-bound  cars  count  into  D-C  and  B-A 
at  s  and  7,  respectively,  and  count  out  at  6  and  8,  respectively. 
The  coQtactors  are  shown  connected  for  irregular  movements  as, 
far  instance,  an  east-bound  car  operating  2  counts  out  of  A-By  but  if 
for  any  reason  it  should  back  over  2  it  would  count  into  B-A ;  but 
as  It  again  proceeds  eastward  it  will  count  out  again.     West-bound 
car  movements  are  controlled  as  illustrated  for  east-bound,  except 
that  the  west-bound  waits,  if  necessary,  on  the  main  track  oppo- 
site the  siding. 

Scheme  It.  (Fig.  4.)  Cars  in  both  directions  are  permitted  to 
pass  sidings  on  the  main  line;  cars  in  both  directions  are  permitted 
to  run  tlurough  sidings.    An  east-bound  car  having  operated  i 
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B  to  stop  and  A  to  register  it  into  A-B,  If  C  is  in  a  permissive 
mdication  the  car  passes  B  and  counts  itself  out  at  7  and  pro- 
ceeding forward  counts  itself  into  C-D,  If,  however,  C  is  at  stop, 
mdkating  a  west^bound  car  in  D-Cy  the  east-bound  car  runs  into 
the  siding  and  ootunts  itsdf  out  of  A-B  at  2.  When  D-C  is  re- 
50 
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stored  by  west-bound  car  passing  6,  the  east-bound  car  thai  pio- 
ceeds  into  C-D  by  operating  3.  The  reversal  of  these  movemc&li 
may  take  place,  that  is,  a  west-bound  car  reaching  the  si^ 
may  pass  it  on  tiie  main  track,  or  if  B  is  at  stop  the  car  will  enlf 
the  siding  at  the  east  end  and  wait  there  until  the  east-bound  cf 
has  cleared  B-A  at  7.  East-bound  cars  count  into  A-B  and  C-4 
at  I  or  8  and  3  or  6,  respectively,  and  count  out  of  A-B  and  C-J) 
at  2  or  7  and  4  or  5,  respectively.  West-bound  cars  count  into 
D-C  and  B-A  at  4  or  5  and  2  or  7,  respectively,  and  count  outol 
D~C  and  B-A  at  3  or  6  and  i  or  8,  respectively. 

Scheme  III.  (Fig.  5 J     East-bound  cars  enter  the  siding.  Ab 
east-bound  car  approaching  siding  at  B  has  signal  B  at  stop  pio- 
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tecting  it.  Upon  reaching  the  siding  if  C  shows  a  permissive  a- 
di cation,  the  car  may  proceed  on  the  main  line  and  count  itsdf  into 
C-D  at  4  and  count  out  of  A-B  at  5.  If,  however,  C  is  founl 
at  stop,  the  car  will  pull  into  the  siding  and  count  itself  out  of  A-^ 
at  6.  The  west-bound  car  then  passing  C  counts  itself  into  A-^ 
at  s  and  counts  out  of  D-C  at  4  and  proceeds  through  B-A^  tl» 
east-bound  car  will  then  back  out  of  the  siding,  count  itself  iflf« 
B-A  ait  6  and  run  on  to  the  main  Une.  Proceeding  eastwarf^ 
will  count  itself  into  C-D  at  4  and  continuing  forward  will  o»B^ 
itself  out  of  A-B  at  5.  A  west-bound  car  upon  reaching  the  sifi»8 
and  finding  B  at  stop  will  wait  on  the  main  line  until  the  east-boon 
car  takes  the  siding. 

Scheme  IV.     (Fig.  6.)     Either  east-  or  west-bound  cars  take  the 
siding,  observing  the  rule  that  cars  are  to  head  in  and  back  oat 
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An  east-bound  car  in  A-C  has  C  protecting  it  and  upon  reaching 
siding  at  which  C  is  located  and  finding  D  at  permissive,  nwy 
proceed  on  the  main  track  and  count  into  D-E  at  5;  continjiin? 
forward  it  will  count  itself  out  of  A-C  at  7.  If,  however,  Z?  is  »^ 
stop,  the  car  will  head  into  the  siding  and  count  out  of  A-C  at  6. 
The  west-bound  car  then  approaching  C  and  fin<nng  it  clear  countJ 
into  C-A  at  7  and  continuing  forward  restores  E-D  at  5.  'Oj 
east-bound  car  in  the  siding  now  backs  out  on  to  the  main  fine  •" 
in  passing  under  6  counts  into  C-A ;  then  proceeding  eastward  « 
the  main  line  counts  into  D-E  at  5  and  counts  out  of  C-A  «*  7* 
As  the  arrangement  is  symmetrical  from  the  middle  of  the  sidio^ 
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novements  the  reverse  of  the  above  are  controlled  in  an  obvious 
aianner. 

I>ouble-track  Suburban  Railway,  Headway  i  to  xo  Minutes, 
Speed  not  Exceeding  30  Miles  per  Hour.    (Figs.  7  to  iz 
nclusive.) 

Scheme  I.     (Fig.  7.)    Three  position  semaphore  signals  with 
track  circuit  control.     An  east-bound  car  passing  i  sets  it  to  stop, 
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in  which  position  it  remains  until  this  car  has  passed  out  of  A-B. 
Upon  passing  insulated  joints  5,  3  indicates  "stop,"  i  indicates 
**caution."  When  the  train  proceeding  eastward  piasses  insulated 
joints  at  C,  i  will  go  to  clear,  3  to  caution  and  5  to  stop.  A 
similar  explanation  holds  for  a  west-bound  train. 

Scheme  II.  (Fig.  8.)    Two  position  signals  with  track  circuit 
control.    An  east-bound  car  passing  i  sets  it  to  stop  when  it  passes 
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insulated  joints  at  A .  The  signal  remains  in  this  position  until 
the  car  passes  insulated  joints  at  D,  As  the  car  passes  3,  insulated 
joint  C,  this  signal  will  also  go  to  stop,  and  while  the  car  is  in  C-D 
both  I  and  3  will  be  at  stop.  The  fact  that  i  is  controlled  be- 
yond 3  to  J9  prevents  a  car  obtaining  a  clear  indication  at  i  and 
receiving  a  stop  indication  at  3,  with  the  preceding  car  just  beyond 
this  signal.    A  similar  explanation  holds  for  a  west-bound  car. 

Scheme  III.     (Fig.  9.)     Two  p<>sition  signals  with  track  circuit 
control.    An  east-bound  car  passing  i  does  not  set  this  signal  at 
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Stop  immediately  upon  passing  it,  and  does  not  do  so  until  it  has 
passed  over  insulated  joints  at  i4.  i  remains  at  stop  while  the  car 
IS  in  A-B,  In  passing  out  of  A-B  and  into  B-C,  i  goes  to  clear  and 
3  goes  to  stop.    A  similar  explanation  holds  for  a  west-bound  car. 
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Scheme  IV.  (Fig.  xo.)  Trolky  ccMitactors.  Throe  indicatiou 
by  lights  alone,  a  small  pilot  light  being  used  in  advance  of  tb 
main  signal  for  an  indication  that  the  signal  has  operated.  M 
east-bound  car  passing  Ay  in  case  there  are  no  cars  between  A  zd.  j 
C,  changes  i  from  neutral  to  proceed.  The  fact  that  the  pMr 
light,  w&h  is  normally  extinguished,  lights  up,  shows  the  motor* 

A        B«8tBoond-».                         B  ^ 

^  Pilot  Lamp  »-@S^    ^^  


Indicatea  Home  Oontrol 


. Indicate!  Bistaat  Control 

Pig.  10. 

man  that  he  has  counted  into  the  block  and  gives  him  the  right  Ip  i 
coroceed.  i  is  at  stop  while  the  car  is  in  A-B>  Upon  passing  unlK  J 
B)  I  is  changed  from  stop  to  caution  and  3  is  set  to  stop,  tinek  I 
indications  remaining  while  the  car  is  in  B-C.  Upon  passing  under 
C,  I  goes  to  clear  or  neutral,  3  changing  from  stop  to  caution  and  $ 
being  set  to  stop.  "^  The  fact  that  the  contactors  are  located  im- 
mediately at  the  signals  instead  of  in  advance  of  them,  as  is  custom- 
ary for  single-track  operation,  makes  the  pilot  light  necessaiy> 
so  that  the  motorman  can  be  assured  that  he  has  counted  into 
the  block.    West-bound  cars  will  operate  in  a  similar  manner.^ 

Scheme  V.  (Fig.  11.)  Trolley  contactors.  Light  signals  giviiV 
two  indications.  An  east-bound  car  approaching  A  does  not  jvs 
under  it  unless  i  is  at  neutral.    If  this  is  the  case,  the  car  in  psssing 


Fig.  II. 

under  A  changes  the  signal  from  neutral  to  proceed,  the  signal 
remaining  at  this  indication  until  the  car  passes  under  By  at  ^R^ch 
point  the  proceed  indication  is  extinguish^  and  the  stop  display^ 
The  car  in  proceeding  eastward  and  approaching  C,  if  it  finds  \ 
at  neutral,  proceeds  under  C  and  if  the  signal  changes  from  neutral 
to  proceed,  proceeds  into  C—E.  The  car  in  passing  under  D  re- 
stores I  to  neutral,  changing  3  from  proceed  to  stop.  West-bound 
movements  are  made  in  a  similar  manner. 

Singjle-track  Interurban  Railway,  Headway  not  Less  than  i 
Hour,  Speed  40  to  60  Miles  per  Hour.    (Figs.  la  and  13.) 

Scheme  I.  (Fig.  12.)  Absolute  blocking,  semaphore  signals^ 
only  one  track  circuit  from  siding  to  siding,  continuous  tradk  d^ 
cuits,  following  cars  blocked  from  siding  to  siding,  no  track  circttit 
preliminaries  b^ng  used,  intermediate  signals  rqiladng  the  |>ie> 
liminaries.  Light  signals  may  be  used  if  desired.  Cars  on  sidiof 
within  cLearance  limits  do  not  affect  signals.    An  east-bound  car 
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passing  A  sets  i,  4  and  6  to  stop  and  protects  itself  against  both 
tollbwing  and  opposing  movements.  3  does  not  go  to  stop  imme- 
diately as  the  train  passes  it,  due  to  the  fact  that  the  track  circuit 
is  not  cut  opposite  the  signal.  It  does  go  to  stop,  however,  after 
the  train  reaches  some  point  as  C  in  advance  of  this  signal.  This 
fact  is  not  material,  however,  as  the  car  is  already  protected  from 
the  rear  by  i,  but  3  having  gone  to  stop  after  the  car  has  passed 
C  clears  i  so  that  the  following  car  may  proceed  to  3. 
Proceeding   eastward,    as    the   car   passes    J9,  4  goes  to  clear. 


Fig.  12. 

West-bound  cars  are,  however,  blocked  at  6.    In  passing  the 
insulated  joint  at  F,  i  and  3  behind  the  car  change  from  stop 
to  proceed,  allowing  a  following  car  to  enter  the  block  recently 
occupied  by  the  first  car.     6  will  also  change  to  clear,  due  to  the 
fact  that  until  a  following  car  enters  the  block  at  A  the  block  is  un- 
occupied.   In  case  there  had  been  a  meeting  point  at  si^ng  F, 
the  east-bound  car  would,  on  approaching  5,  have  foimd  it  at  stop, 
due  to  the  west-bound  car,  with  which  it  had  to  meet,  being  be- 
tween L  and  5,  because  5  is  controlled  to  L,    The  purpose  of  3 
and  4,  and  7  and  8  is  to  protect  against  the  possibility-  of  two  op- 
posing cars  passing  i  and  6  simultaneously,  both  in  this  case  being 
at  clear.    If  this  occurred,  however,  each  car  would  receive  the  stop 
indication  at  3  and  4  and  in  this  way  the  advance  signals  3  and  4 
take  the  place  of  the  additional  track  circuit  usually  used  as  a  pre- 
liminary section. 

Scheme  II.  (Fig.  13.)  Absolute  blocking,  semaphore  signals, 
following  cars  blocked  from  siding  to  siding.  Track  circuit  pre- 
liminary is  used  with  this  arrangement.    Light  signals  may  be  used 

Blocks  ior  West  Boond 
)/  following  Cars  Z 

\^^ 

'^Blocks  for  But  Boand  following  Cura 
Indicates  Limits  o|  Signftl  Coxitsol 

Fig.  13. 

if  desired.  Also  a  light  indicator  may  be  used  at  the  beginning 
of  the  preliminary  to  indicate,  to  a  car  approaching  the  siding  from 
side  on  which  the  preliminary  is  located,  the  indication  of  the  home 
signal  at  the  siding  before  it  is  reached.  An  east-bound  car  passing 
I  sets  it  and  4  to  stop,  thereby  9btaining  protection  for  both  oppos- 
ing and  following  moves.  Proceeding  eastward  if  there  be  a  meeting 
point  at  siding  F,  3  will  be  at  stop  if  the  west-bound  car  has  passed 
the  prdiminary  section  if,  east  of  siding  Z.    The  east-bound  car 
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then  proceeds  into  siding  Y,  which  clears  4  so  that  the  west-boun4 
car  may  proceed  without  stopping.  The  east-bound  car  th€ft 
backs  out  of  siding  Y  and,  providing  that  3  is  clear,  proceeds  easl>; 
ward.  I  is  controlled  beyond  4  to  G,  this  being  done  so  that  tiAJ 
cars  cannot  simultaneously  pass  i  and  4,  in  this  way  both  seen 
ing  the  clear  indication.  If,  with  a  meeting  point  at  siding  Y,  dl 
west-bound  car  passes  G  before  the  east-bound  car  passes  i ,  i  ni 
go  to  stop  and  remain  so  until  the  west-bound  car  reaches  the  doff 
at  siding  K.  In  order  to  overcome  this,  an  indicator  light  is  somM 
times  used  at  G,  so  that  the  motorman  of  the  train  approachiJ 
the  siding  at  which  he  has  a  meeting  point  may  know  before  m 
passes  the  preliminary  section  whether  or  not  the  opposing  trail 
has  passed  the  siding  in  advance.  This  scheme  can  be  used  witk 
distance  signals  if  desired,  continuous  track  circuits  being  used. 

Single-track  Interurban  Raihiray,  Headway  15  Minutes,  Traiot 
in  Several  Sections,  Speed  40  to  60  Miles  per  Hour.  ( Figs.  1 4  to  16^ 
inclusive.) 

Scheme  I.     (Fig.  14.)     Absolute  blocking,  semaphore  signals,  it* 
lowing  cars  blocked  practically  one-half  the  distance  between  sii- 
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^Indicates  Blocks  for  Following  Can 

Indicates  Signal  Control  for  Following  Cart 

Indicates  Signal  Ooutrol  for  Opposing  Cara 

Pig.  14. 

ings,  no  track  circuit  preliminary  being  used,  intermediate  signal 
replacing  the  preliminaries.    Light  signals  may  be  used  if  desicd. 
Cars  on  siding  inside  clearance  limits  do  not  affect  the  signals. 
This  scheme  is  somewhat  similar  to  that  shown  under  Scheme  I, 
page  788,  except  that  the  intermediate  signals  have  been  moved 
farther  into  the  block  and  arranged  so  that  following  cars  can 
operate  more  closely  than  is  possible  with  that  arrangement.    An 
east-bound  car  passing  A  sets  i,  4  and  6  to  stop,  thereby  protecting 
itself  against  both  following  and  opposing  movements.     Proceed- 
ing eastward,  3  goes  to  stop  as  the  car  passes  C,  i  and  4  go  to  clear 
as  the  car  passes  Z),  thereby  permitting  a  following  car  to  pass  1 
in  the  clear  position,  the  distance  between  3  and  4  being  braking 
distance  at  maximum  speed.    If  there  be  a  meeting  point  at  siding 
F,  the  first  east-bound  car  will  find  5  at  stop,  due  to  the  fact  that 
the  west-bound  car,  that  it  is  meeting,  is  between  L  and  5,  6  being 
at  stop  against  the  west-bound  car.    The  east-bound  car  takes 
siding  at  Y  which  clears  6  for  the  west-bound  car  providing  no  fol- 
lowing east-bound  car  is  between  A  and  6.    If  a  second  east-bound 
car,  however,  followed  the  first  into  A-F  after  the  first  car  passed 
Z>,  6  will  remain  at  stop  until  the  second  east-bound  car  readia 
siding  Y  and  gets  into  clear,  when  6  will  clear  for  the  west-bouol 
movement.    The  two  cars  on  siding  Y  now  back  out  and  the  fiist 
proceeds  eastward,  5  being  clear.    The  second  east-bound  car,  how- 
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ver,  waits  at  5  (which  was  put  to  stop  when  the  first  east-bound  car 
lassed  it)  until  the  first  car  passes  /,  when  5  will  again  clear.  The 
econH  east-bound  car  may  then  proceed.  3  and  4,  and  7  and  8 
erve  double  purposes;  they  not  only  divide  the  blocks  for  fol- 
^wing  movements  but  take  the  place  of  a  preliminary  track  section 
n  the  same  manner  as  explained  in  Scheme  I,  page  787;  i,e.y  if  two 
pposing  cars  passed  i  and  6  simultaneously,  both  receiving  the 
fear  indication,  they  wiU  be  stopped  by  3  and  4,  respectively, 
a  which  case  one  car  would  have  to  back  up  to  the  nearest  siding. 
This  scheme  uses  but  one  track  circuit  from'  siding  to  siding, 
:ontinuous  track  circuits  being  used. 

Scheme  II.  (Fig.  15.)  Absolute  blocking,  semaphore  signals, 
;ontinuous  track  circuits,  following  cars  blocked  practically  one- 
lalf  the  distance  between  sidings  for  following  movements  and  from 
dding  to  siding  for  opposing  movements.    Light  signals  or  signals 
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/       Distant  Control  Following  Mores 
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Oon( 
Home  Control  Following  Moves 


Fig.  is. 

operating  in  three  positions  may  be  used.  Cars  on  siding  inside 
clearance  limits  do  not  affect  the  signal.  An  east-bound  car 
passing  i  will  set  i,  4  and  6  to  stop,  thereby  protecting  itself  against 
both  following  and  opi)osing  moves.  Proceeding  eastward  and 
passing  3,  which  will  go  to  stop  and  i  changes  from  stop  to  caution. 
On  reaching  siding  F,  if  a  meeting  point  is  to  be  made  at  this  siding, 
5  will  be  at  stop  if  the  west-bound  car  has  passed  G,  and  while  the 
east-boimd  car  is  on  the  main  line  6  will  be  at  stop  and  8  at  caution. 
After  the  east-bound  car  gets  in  the  clear  at  siding  Y,  however,  6 
and  8  will  go  to  clear,  providing  no  second  east-bound  car  is  be- 
tween A  and  D.  After  the  west-bound  car  has  passed  siding  Y 
the  east-boimd  car  backs  out  of  siding  and  providing  5  is  clear  pro- 
ceeds eastward.  With  this  arrangement  both  the  stop  and  caution 
indication  are  given.  The  distance  from  B  to  C  and  from  E  to  F 
is  braking  distance  at  maximum  speed.  The  overlapping  of  i4-C 
and  B-D  takes  the  place  of  a  preliminary  beyond  the  siding  in  the 
same  manner  as  described  in  Scheme  I. 

Scheme  IIL    (Fig-  16.)     Continuous  track  circuits.     Cars  are 
allowed  to  follow  one  another  into  an  occupied  block  under  a  per- 
missive   indication.    The   blocking   of    opposing    cars   is   abso- 
lute.    Signals  in  one  direction  are  normally  clear,  in  the  other 
normally  danger.    A  light  indicator  is  used  at  the  beginning  of  the 
i  preliminary  section,  also  a  secondary  light  is  used  on  the  signal  to 
■  provide  the  permissive  feature.    Light   signals  may  be  used  if 
i  desired.    An  east-bound  car  passing  i  will  set  this  signal  to  stop, 
4  having  already  been  set  to  stop  at  the  beginning  of  the  pre- 
liminary west  of  the  siding  X.     1  being  normally  at  danger  is 
changed  to  clear  by  an  east-bound  car  entering  the  preliminary 
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west  of  siding  X,  providing  there  is  no  opposing  car  between  ij 
and  C.  Liicewise,  3  is  cleared  by  an  east-bound  car  passing  B,j 
no  opposing  car  is  in  C-E,  After  one  east-bound  car  nas  passedj 
another  may  follow  it  into  A-C  providing  the  permissive  1S0 
below  the  semaphore  arm  at  stop  lights  up,  and  so  on  for  4? 
number  of  following  cars.  The  first  car  approacdiing  siding 
if  there  be  a  meeting  point  at  this  siding,  'mil  find  3  at  stop 
the  light  indicator  lighted,  if  the  opposing  car  has  passed  E, 


T 


— H 


'Indicate*  Home  Contxol 
-Indicate*  Permicsire  Oontrol 


Fig.  1 6. 

the  west-bound  car  has  not  yet  passed  E,  the  east-bound  car  s 
wait  at  the  light  indicator  until  it  lights  up,  this  indicating  that 
west-bound  car  has  passed  6  and  that  the  east-bound  car  may  pn*i 
ceed  by  B  without  blocking  the  west-bound  car  a  siding  away  fral 
the  meeting  point.  West-bound  cars  approaching  siding  Y  mif 
proceed  at  once  to  the  home  signal  as  i  is  controlled  only  104, 
the  preliminary  section  usually  being  on  but  one  end  of  the  block. 
The  east-bound  car  after  waiting  at  the  light  indicator  untS  it 
shows  that  the  oppK>sing  car  has  passed  6  then  proceeds  to  siding 
and  gets  in  the  clear,  which  will  allow  4  to  clear,  provWcd  » 
other  east-bound  cars  have  passed  into  A-C  under  the  pemttsswe 
indication.  After  the  passing  of  the  west-bound  car,  thco^* 
bound  car  in  siding  Y  backs  out  and  proceeds  past  3  providing  it  is 
clear.  Distant  signals  may  be  used  with  this  scheme  in  which «« 
the  east-boimd  distant  signal  would  take  the  place  of  the  B^ 
indicator. 

Double-track  Ihterurban  Railway,  Headway  6  Mintites,  Speed  40 
to  60  Miles  per  Hour.  (Fig.  17.)  Continuous  track  circuits.  Sema- 
phore signals  operating  in  three  positions  are  used,  the  distance  b^ 
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■^—-—^  Indicates  Home  Control 
'•- Indicates  Distant  Control 

Pig.  17. 

tween  signals  being  governed  by  the  headway  and  speed.  Tfcl 
operation  is  the  same  in  either  direction.  Light  signals  may ' 
used  if  desired.  A  car  passing  i  sets  it  to  stop,  proceeding  ei 
ward  past  3,  this  signal  will  go  to  stop  and  i  will  change  from  ai^ 
to  caution.  On  passing  5,  3  will  go  to  caution,  5  going  to  t/^ 
and  I  will  change  from  caution  to  clear.  In  this  arrangement  slflp 
and  caution  signals  are  displayed   behind  each  car.     Can  il^ 
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ble  to  follow  each  other  as  close  as  the  distance  between  two  ad- 
oining  signals,  the  second  car  in  this  case  running  under  the  cau- 
ion  indication  continuously. 

Signal  IndicatiQiis  and  Aspects. 

(i)  A.E.R.E.A.  Standard  Use  of  the  three  fundamental  in- 
lications.  In  all  signaling  the  use  of  three  fundamental  indica- 
Ions:  (a)  Stop;  (b)  proceed- with-caution;  (c)  proceed. 

(2)  A.E.R.E.A.  Standard  Use  of  semaphore  signals.  Where 
emaphore  signals  are  used  they  ^all  be  so  arranged  as  to  indi- 
ate  (indicating  in)  three  positions,  in  the  upper  left-hand  quadrant. 

(3)  A.E.R.E.A.  Standard.  Aspects  in  three-position  signaling 
see  Fig.  18). 

(4)  A.E.R.E.A.  Miscellaneous  Methods  and  Practices.  Aspects 
n  two-position  signaling  (see  Fig.  19). 

Spectacle.  Fig.  20  shows  the  design  of  spectacle  for  left-hand 
upper  quadrant  90  deg.  semaphore  having  6  in.  openings  and  6} 
n.  lenses  for  3 -position  semaphore  signals  and  for  use  with  3  ft.  6 
n.  pointed  blade,  adopted  as  standard  by  the  A.E.R.E.A.,  1914. 
■  Cleurances  for  Block  signal.  Fig.  2 1  shows  the  clearance  diagram 
lor  block  signals  recommended  by  the  Committee  on  Block  Signals 
^.E.R.E.A.,  1914,  for  adoption  as  standard. 
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Proceed 
With  Caation  ^ 


Proceed,  next  Signal  at  Stop 


Yellow 
Proceed  under  Control  \ 

0/    >» 


(  Prepared  to  Stop  Short  < 
any  Obstruction) 

Pig.  18. — ^Aspects  in  three-position  signaling.     A.E.R.E.A.  standard. 
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Yellow 


Discemlbleness  *of  Light  Signal  in  Sunlight  The  following 
results  of  tests  by  Mr.  John  Leisenring  are  from  a  discussion  by 
Jiim,  A.E.R.E.A.,  1912: 

!  A  standard  semaphore  signal  indicating  in  the  upper  left-hand 
quadrant  was  placed  on  a  long  tangent  running  almost  directly 
east  and  west.  A  light  signal  with  5-in.  lenses,  two  24-watt  tung- 
sten lamps  behind  each  lens,  witha  30-in.  straight  hood  and  a  collar 
of  about  10  in.  for  forming  a  background,  was  located  near  the 
semaphore,  the  green  lens  being  above  the  red.    The  background 
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lisnalUns-  A.E.R.EA.,  proposed  pi 


was  of  the  oriUnary  type  encountered  on  intemrban  railways,  be 
being  the  m^n   formation  of   the   one  in  question.     The      ' 
on  the  side  of  the  track  on  vhich  the  signals  were  placed  are 
from  the  center  line  of  the  track.     Construction  b  mast-arm, 

the  trolley  wire  is  i8  ft.  6  in.  from  the  top  of  the  rail.     At  7 105  l. ,_ 

Oct,  Si  a  bright  clear  morning  with  .a  dight  haze  near  the  grounl 
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looking  directly  into  the  sun,  which  was  slightly  off  to  the  right-haJid 
sde  with  the  side  of  the  pole  toward  the  observer  in  the  shadow, 
the  limit  of  sight  of  the  green  light  in  the  signal  above  described  was 
2050  ft.,  and  the  limit  of  sight  of  the  red  was  1850  ft.  The  whole 
front  of  the  ^gnal  was  entirely  in  the  shadow.     The  semaphore 


Fig.  ji,— ClearBnce  diagram  for  block  signals.     A.E.R.E.A. 

lugnal,  under  the  same  conditions  of  light  as  stated  above,  could 
be  seen  in  the  "stop"  position,  horizontal,  distinctly  1500  ft.;  in 
the  60  deg.  position,  which  is  "proceed"  on  tie  road  in  question,  it 
was  clearly  discernible  840  ft.;  in  the  90  deg.  vertical  position, 
which  would  be  the  "proceed"  indication  in  three-position  signal- 
ing, it  was  clearly  discernible  750  ft.    At  10.30  a.m.  with  the  sun 
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high  and  the  short  shadows  ahnost  at  right  angles  to  the  track,  the 
side  of  poles  toward  the  observer  being  still  in  the  shadow,  the 
limit  of  sight  of  the  green  Mght  in  the  light  signal  was  2000  ft; 
the  limit  of  sight  of  the  red  indication'  was  1 700  ft.    The  senvaphm 
signal  was  clearly  discernible  in  the  horizontal  position,   undK 
same  light  conditions  as  above,  about  2500  ft.;  in  the  60  deg.  "pro- 
ceed" position  about  1500  ft.,  and   in    the  90  deg.  "proceed** 
position  about   1450  ft.    At  3:30  p.m.   with    the    sun   shining 
into  signal  at  slight  angle,  both  lenses  being  in  the  shadow,  the^ 
sides  of  the  poles  toward  the  observer  being  in  the  sunlight,  the' 
limit  of  sight  of  the  green  indication  was  1650  ft.,  and  the  limit  of 
sight  of  the  red  indication  was  11 22  ft.    The  direct  sun's  rays  woe 
on  the  front  of  the  signal,  just  to  the  edge  of  the  red,  or  lower, ' 
lens.    The  semaphore  signal  under  similar  conditions  in  the  hori- 
zontal position  could  be  seen  for  3645  ft.;  in  the  60  deg.  jx>sition  far 
2500  ft.,  and  in  the  90  deg.  position  for  about  2000  ft.     At  5  pj&., 
when  the  sun  was  beginning  to  weaken  and  when  its  rays  »ae 
directly  on  the  lenses  of  the  light  signal,  the  green  indication  «» 
discernible  for  3000  ft.  and  the  red  in^cation  for  1350  ft.    The 
semaphore  signal  was  practically  the  same  as  stated  in  the  last 
previous  observation. 

Size  of  Lens.  The  Joint  Committee  on  Block  Signals  for  £Iec 
Rys.,  A.E.R.E.A.,  1914,  recommended  as  follows  for  good  practice: 

High-speed  Interurhan  Service.  A  .lens  of  not  less  than  8f< 
in.  diameter  should  be  used  on  all  light  signals  operated  by  coo- 
rinuous  track  circuits. 

Moderate  Speed  Service.  A  lens  of  not  less  than  5H  "!• 
diameter  should  be  used  where  light  signals  are  operated  by  troltey 
contact  or  other  end  set  devices. 

Manually  Operated  Lamp  Signal.  (Fig.  22.)  This  is  one  of  the 
simplest  types  of  signals  and  is  in  very  common  use.     The  lamps 
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Fig.  22. — Manually  operated  lamp  sigpial. 

are  grouped  to  operate  on  trolley  potential  and  but  one  additiooi/ 
signal  Wire  extending  through  the  block  is  used.  A  member  of 
the  crew  of  a  train  about  to  enter  a  block  throws  a  switch,  there- 
by displaying  a  light  at  the  distant  end  of  that  block  with  a 
caution  signal  at  the  entering  end.  When  the  train  reaches  the 
end  of  the  block,  a  member  of  the  crew  throws  a  switch  at  that 
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saving  end,  thereby  removing  the  signals  set  by  him  at  both 
ends  of  that  block.  If,  however,  two  trains  running  in  the  same 
direction  occupy  one  block  at  the  same  time,  the  signal  should  not 
be  removed  until  the  last  train  leaves  the  block.  In  some  cases, 
nne  lamp  only  is  used  in  the  signal  box  at  each  end  of  the  circuit, 
irhile  the  remaining  lamps  of  the  series  are  installed  at  appro- 
priate places  along  the  section  as  an  assurance  to  the  motorman 
that  his  protection  remains  as  set. 

The  signal  should  be  arranged  to  prevent  imauthorized  manipu- 
lation. This  is  commonly  done  by  padlocking  the  operating 
handles.  The  following  scheme  developed  by  the  Rhode  Island  Co. 
[or  the  protection  of  hand  operated  signals  also  insures  the  removal 
of  the  reverse  handle  from  the  car  while  the  signal  is  being  set: 
Snap  switches  are  used  instead  of  knife  switches.  A  round  piece 
of  metal  having  a  square  hole  in  one  end  is  substituted  for  the 
ordinary  rubber  button  on  the  snap  switch.  The  svdtch  is  mounted 
so  that  this  square  hole  is  slightly  above  an  opening  in  the  bottom 
of  the  signal  box.  The  motorman's  reverse  handle,  having  one 
end  squared  for  the  purpose,  is  used  as  a  key  to  turn  the  switch. 

Manfiwl  Block  Ssrstem.  The  manual  block  S3^tem  is  one  in  which 
tndns  are  controlled  by  signals  operated  manually,  upon  informa- 
tion received  by  telegraph,  telephone  or  other  means  of  com- 
munication. It  consists  of  a  series  of  block  sections  with  a  block 
control  station  at  each  end  of  each  section,  at  which  there  are  placed 
signals  to  be  used  by  the  operator  to  control  the  trains  entering 
and  using  said  block.  In  the  operation  of  this  system,  informa- 
tion concerning  the  condition  of  a  given  block  is  obtained  by 
communication  between  the  c^erators  at  the  ends  of  said  block, 
and  trains  are  instructed  as  to  movement  by  means  of  the  signals. 
The  safety  of  operation  under  the  manual  block  system  depends 
upoD  the  accuracy  with  which  orders  are  received  and  trans- 
mitted, there  being  no  check,  either  electrical  or  mechanical,  to 
prevent  the  display  of  a  wrong  signal. 

Contrcriaed  Manual  Block  System.  The  controlled  manual  block 
system  is  the  same  as  the  manual  block  system  just  described  ex- 
cept that  the  signals  at  the  ends  of  each  block  are  electrically  inter- 
connected in  such  manner  that  cooperation  of  the  signalmen  at 
both  ends  of  the  block  is  required  to  display  a  clear  signal.  It 
is  a  great  improvement  over  the  manual  block  signal,  but  still 
does  not  prevent  two  operators  from  making  simultaneous  error. 
This  is  overcome  by  tne  continuous  track  circuit,  so  arranged 
that  a  train  having  entered  a  block  wiU  automatically  put  the 
proper  signals  to  stop  and  hold  them  there  until  the  train  is  en- 
tirely out  of  the  section,  regardless  of  any  attempt  on  the  part  of 
the  operators  to  clear  them.  Its  use  on  many  electric  lines  is  pro- 
hibited on  accoimt  of  the  large  expense  involved  in  maintaining 
operators  at  such  frequent  intervis.  The  cost  of  the  electric 
apparatus  for  '' controlled  manual"  has  been  looked  upon  by 
most  roads  as  unwarranted.  Only  roads  with  heavy  earnings  are 
using  it. 

Staff  or  Token  System.  The  staff  or  token  system  is  another 
form  of  controlled  manual  block  system  which  has  been  applied  only 
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to  single  track  lines.  In  its  operation  no  train  is  allowed  to  oh 
cupy  a  block  section  without  the  possession  of  a  tangible  objec^i 
such  as  a  staff,  ball  or  tablet.  These  tokens  are  obtained  from  » 
struments  located  at  the  opposite  ends  of  each  block  which  3X9  , 
interconnected,  electrically,  that  but  one  token  can  be  removeiA 
a  time;  and  until  this  one  has  been  reolaced  in  one  instruments 
die  other,  no  additional  token  can  be  withdrawn  from  eitkl^ 
Therefore,  it  is  evident  that  there  can  be  but  one  train  in  a 
at  a  time  except  where  permissive  blocking  is  used,  in  which 
the  tokens  are  made  in  pieces,  each  train  ta^g  part  of  a  token, 
last  train  taking  all  that  remains.  When,  therefore,  this  divi^ 
token  is  put  together  and  deposited  in  the  other  instru 
another  token  can  be  withdrawn  from  either  instrument, 
strong  feature  claimed  for  this  form  of  controlled  manual  bl 
is  that  it  requires  the  train  crew  to  take  part  in  the  operation 
gives  the  engineman  tangible  evidence  of  his  right  to  the  hkft 
Its  drawbacks  are  that  thus  far  it  has  required  the  train  tosAf 
to  deposit  and  withdraw  the  tokens  or  else  requires  operatcRS  Jt 
each  passing  point  to  receive  and  deliver  them. 

Automatic  Block  System.  The  automatic  block  system  is  & 
system  in  which  the  signals  govern  the  entrance  to  each  blod 
and  are  automatically  controlled  by  the  trains  as  they  proceed,  m 
such  a  manner  that  head-on  and  rear-end  protection  is  affordei 
A  number  of  forms  of  the  automatic  block  systems  are  being  used* 
their  essential  differences  appearing  in  the  manner  in  which  the 
control  of  the  signals  by  the  train  is  effected.  These  different 
forms  of  automatic  sjrstems  include  the  following  methods  of 
control:  (i)  Trolley  or  auxiliary  rail  contacts,  which  are  operated 
by  passage  of  trolley  or  third-rail  shoe  and  thus  operate  the  signal 
circuits  when  a  train  passes;  (2)  continuous  track  circuit,  based 
on  a  fundamental  prinaple  of  a  train  controlling,  at  all  times^  the 
signals  governing  the  specific  portion  of  the  track  occupied,  and 
utilizing  the  track  rails  as  a  signal  circuit;  (3)  short  track  cirtuit, 
which  utilizes  short  insulated  sections  of  the  track  at  the  ends  of 
the  block  for  setting  and  restoring  signals. 

Trolley  Operated  Signals.  Trolley  operated  signals  are  generally 
operated  by  electrical  contact  through  the  current  collector  of  the 
car  or  by  electrical  contact  through  a  switch  which  is  opened  or 
closed  mechanically  by  the  current  collector  in  passing. 

Contact  Type  Trolley  Operated  Signal.  '  Fig.  23  shows  the 
relation  of  the  essential  parts  of  a  typical  trolley  contact  signali 
(the  Nachod).  The  mechanism  of  the  signal  itself  may  be  divided 
into  three  parts:  (i)  The  indicating,  consisting  of  the  lamps,  coloi 
lenses  and  opaque  color  disks;  (2)  the  intermediate,  represented 
by  the  relay,  which  converts  the  impulses  of  current  caused  bf 
the  passage  of  the  car  into  signal  indications;  (3)  the  actua 
consisting  of  the  overhead  trolley  contact  switches,  which  by 
passage  of  the  car  determine  the  setting  and  the  clearing  of 
signals.  The  trolley  switch  consists  of  a  light  angle-iron  fr 
supporting  at  its  ends  through  insulating  blocks,  two  flexible  i 
dined  contact  strips,  the  trolley  wire  bdng  withdrawn  during  thei 
length  of  the  contact  strips,  which  are  formed  to  receive  the  wheel 
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without  shock.  One  strip  is  connected  to  trolley,  the  other  to 
ground  through  the  relay.  The  wheel,  being  a  metallic  conductor, 
bridges  them  and  sets  the  signal  whether  the  car  is  taking  power 
or  not  at  the  instant  of  passing  the  switch.  One  signal  wire  in 
addition  to  the  trolley  wire  connects  the  apparatus  at  the  ends  of 
the  block.  Fig.  23  shows  the  parts  in  position  for  no  train  in  the 
block,  in  which  case  each  end  of  the  signal  wire  is  grounded  through 
a  red  lamp  R,  With  no  current  in  the  coils,  the  armatures  drop. 
The  first  entering  train  sends  proper  current  through  mag- 
net A  in  the  relay  at  the  entering  end,  operating  a  two-way  re- 
volving switch,  which  transfers  that  end  of  the  signal  wire  to 
trolley  through  a  white  light  W  and  a  magnet  D.  This  light  and 
the  red  one  at  the  other  end  now  burn  in  series  through  the  signal 
wire.  Successive  following  trains  turn  the  revolving  switch  so 
that  the  contacts  overlap  further,  but  make  no  change  in  the 
electrical  circuit.  Each  leaving  train  energizes  magnet  C  to  break 
temporarily  the  signal  circuit  at  9-1,  permitting  magnet  D  in 
the  first  relay  to  drop  its  armature  and  revolve  the  switch  in  the 
reverse  direction.    When  the  same  number  of  impulses  has  been 


Fig.  23. — Overhead  contact 
signal  system  (Nachod). 


made  on  magnet  C  as  on  il,  that  is,  when  all  the  trains  that  have 
entered  the  block  have  left  it,  the  signals  are  cleared  and  the 
connections  are  as  shown.  The  color  disks  are  brought  to  an  in- 
dicating position  by  magnet  D  and  one  in  shunt  with  R,  not  shown. 
A  no-voltage  magnet,  not  shown,  is  interlocked  with  magnet  D  to 
prevent  a  motion  of  the  armature  of  the  latter  should  the  power  fail 
with  trains  on  the  block.  This  is  a  signal  of  the  absolute,  permissive 
t3rpe.  To  illustrate  the  permissive  feature,  suppose  a  train  has 
entered  the  block  and  set  the  signals,  and  before  it  leaves,  a  f  ollow- 
ng  train  arrives  at  the  end  of  the  block  showing  white.  The 
notorman  will  understand  by  this  that  there  is  at  least  one  train 
ihead  going  in  the  same  direction.  As  his  train  runs  under  the 
ontact  he  notices  the  flash  of  the  white  light  that  his  train 
xiuses.  This  is  an  indication  that  his  train  is  counted  in  or 
egistered  in  the  signal  relay;  and  so  on  for  a  number  of  trains 
oUowing  each  other,  each  receiving  its  signal  that  there  are  other 
rains  ahead  of  it  and  that  it  has  counted  in.  When  the  first  train 
rrives  at  the  end  of  the  block,  in  running  under  the  contact 
mtch,  it  causes  a  blinking  of  the  light,  but  the  signals  are  set  as 
efore.     They  so  remain  until  the  last  train  clears  them,  leaving  the 
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block  ready  for  trains  in  either  direction.  If  a  train  should  enter 
the  block  from  one  end  and  back  out  by  the  other  track  at  the  same  j 
end,  using  the  single  track  merely  as  a  Y  or  cross-over,  the  signals 
will  be  cleared  when  the  train  leaves  the  block.  This  makes  a  very 
flexible  operation,  as  in  the  complicated  case  where  a  number  d 
trains  enter  the  block  from  one  end,  and  are  continuously  enteiing 
and  leaving,  some  leaving  by  one  end  and  some  by  the  other,  but 
the  signals  protect  all  the  trains  in  the  block  and  are  cleared  only 
when  they  all  leave  it.  The  signal  may  also  be  operated  as  an 
absolute  block  system  by  leaving  the  hand-clearing  switch  open, 
which  is  equivalent  to  opening  the  line  wire.  For  instance,  the 
motorman  of  a  work  train,  entering  the  block  closes  the  block  at 
both  ends  by  leaving  the  hand-clearing  switch  op«:i.  Then  no  per- 
missive signals  may  be  obtained  from  either  end.  To  leave  the 
signals  for  normal  operation  again,  he  must  close  the  switch  whei 
leaving  the  block.  In  case  of  failure  of  line  voltage,  the  agnib 
reappear  on  its  resumption  with  the  same  indications. 

Fig.  24  shows  the  circuits  of  another  t3rpical  trolley  conttt 
signal  (the  United  States). 

The  right-hand  front  magnet  is  the  setting  magnet  which  rotates 
the  registering  wheel  one  step  for  each  energization.  The  left- 
hand  front  magnet  is  the  restoring  magnet  which  at  each  enerptr 
tion  rotates  the  registering  wheel  one  step  in  the  direction  oppo9!lt 
to  the  above.  The  front  or  main  contact  bar  is  in  its  right-hani 
position  when  the  block  is  clear,  but  is  thrown  to  its  left-hand 
p>osition  when  the  first  car  is  registered  into  the  block  on  the  register- 
ing wheel  and  remains  in  the  left-hand  position  until  the  last  cai 
is  registered  out.  •  The  middle  contact  bar  or  alternating  switdi 
is  operated  by  a  star  cam  on  the  registering  wheel  so  that  it  Stand« 
in  its  right-hand  position  when  each  odd  car  is  registered  in,  and 
in  its  left-hand  position  when  each  even  car  is  registered  in.  Wbea 
it  is  in  its  right-hand  position,  it  causes  the  right-hand  green  and 
white  semaphore  to  be  displayed,  and  when  it  is  in  its  left-Jiani 
position  it  causes  the  left-hand  green  and  white  semaphore  to  be 
displayed  so  that  the  proceed  indication  will  be  given  only  whenl^ 
registering  wheel  operates.  The  rear  contact  bar,  normally  in  its 
right-hand  position,  is  momentarily  thrown  to  its  left-hand  poati 
when  the  rear  right-hand  magnet  is  energized,  but  as  sooa  as 
latter  is  de-energized  falls  to  its  normal  position.  This 
is  energized  by  the  restoring  trolley  contactor. 

The  trolley  wheel  of  a  car  entering  an  unoccupied  block  from 
left  strikes  the  setting  contactor,  thus  completing  a  circuit  f 
trolley  wire,  through  fuse  4,  through  setting  (right-hand  lo 
magnet,  resistance  and  fuse  G  to  ground.    This  moves  the  r  _ 
ing  wheel  one  notch  and  moves  the  main  (front)  contact  bar  to 
left-hand  position.    As  soon  as  the  trolley  passes  beyond  the 
tactor  the  circuit  previously  made  is  opencNd  and  the  armature 
the  setting  magnet  falls  back  bj'  gravity  into  its  normal  posi  " 
A  circuit  is  then  completed  from  the  trolley  wire  at  the  right-h 
end  of  the  block,  through  the  wire  indicated  by  the  heavy- 
fuse  I  in  the  right-hand  signal,  resistance,  red  lamp,  pick  up 
front  left*hand  magnet,  the  two  right-hand  contacts  and 
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contact  bar,  the  contacts  and  the  rear  contact  bar,  rear  left-hand 
locking  magnet,  fuse  3,  signal  circuit  line  wire,  fuse  3  in  the  left' 
hand  signal,  rear  Ifft-hand  locking  magnet  in  ^e  left-hand  signal, 
rear  contact  bar,  upper  contacts  and  main  contact  bar,  around 
through  contacts  and  middle  contact  bar,  right-hand  permissive 
semaphoTC  magnet,  green  light,  pick-up  magnet,  thence  to  ground. 
If  ft  second  car  passes  over  the  contactor,  setting  magnet  will  be 
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energized  in  the  manner  above  outlined  for  the  first  car  and  the 
registering  wheel  will  be  rotated  one  more  notch,  the  middle  con- 
tact bar  or  alternating  switch  will  be  thrown  to  tlie  left-hand  posi- 
tion.   The  circmt  through  the  signal  at  the  right-hand  end  of  tk 
block  will  then  be  completed  as  above  outlined,  but  the  circuL 
through  the  left-hand  signal  will  be  completed  as  follows:  From 
fuse  3,  through  rear  left-hand  locking  magnet,  rear  contact  bar, 
upper  left-hand  contacts,  main  contact  bar,  left-hand  contacts 
and  middle  contact  bar,  left-hand  semaphore  magnet,  left-hand 
green  light,  pick  up  magnet,  thence  to  ground.    This  wiU  cause 
the  opposite  green  semaphore  disk  to  show.    When  the  trolley 
wheel  passes  Uie  restoring  contactor  at  the  right-hand  end  of  the 
block,  a  circuit  is  completed  through  fuse  5,  rear  right-hand  mag- 
net, resistance,  thence  to  ground.    This  moves  the  rear  contact 
bar  to  its  left-hand  position,  opening  the  signal  circuit  previousif 
described  and  completing  a  circuit  across  the  left-hand  pairo^ 
contacts.    This  action  completes  the  restoring  circuit  as  foUns: 
From  the  trolley  wire  at  the  left-hand  end  of  the  block,  throm^ 
fuse  I,  resistance,  red  lamp,  pick-up  magnet,  restoring  magad, 
lower  left-hand  contacts  and  main  contact  bar,  fuse  2,  restoring 
circuit  line  wire,  fuse  2  in  the  right-hand  signal,  left-hand  pair  of 
contacts  and  rear  contact  bar,  thence  to  ground.    This  energ^ 
the  restoring  magnet  in  the  left-hand  signal  and  rotates  the  register- 
ing wheel  one  step  in  the  direction  opposite  to  that  in  which  it  was 
rotated  by  the  setting  magnet.    As  the  trolley  leaves  the  restoring 
contactor  the  circuit  just  described  will  be  opened,  rear  right-hand 
magnet  in  the  right-hand  signal  will  be  de-energized  and  the  rear 
contact  bar  will  fall  back  to  the  right-hand  pair  of  contacts.    This 
places  the  signal  circuit  in  its  normal  condition.    When  the  last 
car  is  counted  out  of  the  block,  the  main  contact  bar  in  the  Idt- 
hand  signal  is  thrown  to  its  right-hand  position.     Both  sg^ 
are  then  neutral.     If  a  car  enters  the  block  from  the  right-band 
end,  the  circuits  will  be  completed  in  the  same  maimer  except  they 
will  be  fed  in  the  opposite  direction,  that  is,  from  the  left-hand 
end  of  the  block. 

Single -rail  Track  Circuit  AltematSng-current  Signal  System. 
Fig.  25  shows  the  relation  of  the  essential  parts  of  a  track  circuit 
alternating-current  signal  system  in  which  one  rail  (the  "  block  rail") 
is  insulated  in  sections  and  is  used  to  carry  only  current  of  the  signal 
system.  The  other  rail  is  used  to  conduct  the  train  propulsioa 
direct  current  and  the  current  of  the  signal  system.  Alternating 
current  whose  potential  is  reduced  from  that  of  the  signal  mains  by 
transformers  at  the  block  is  used  to  operate  the  signals.  A  non- 
inductive  resistance  is  placed  in  series  with  the  secondary  of  the 
transformer  which  supplies  the  current  for  the  track  signal  circuit, 
A  non-inductive  resistance  is  likewise  placed  in  series  with  the  signal 
relay  and  an  inductance  is  shunted  across  the  signal  relay.  The 
purposes  of  these  resistances  and  the  inductance  are  to  reduce  to  a 
negligible  value  the  direct  current  which,  due  to  the  drop  in  po- 
tential of  the  train  propulsion  current  in  the  block,  flows  in  the 
relay  and  the  track  transformer,  also  to  limit  the  flow  of  alternating 
current  through  the  track  transformer  when  the  rails  are  bridged 
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by  wheels  and  axles  of  a  train  in  the  block.  The  magnetic  circuits 
of  inductance  and  transformer  each  include  an  air  gap  to  diminish 
the  magnetic  effect  of  the  small  direct  current  which  passes  through 
their  windings.  Wheels  and  axles  of  a  train  in  the  block  shunt  the 
signal  ciurent)  thus  causing  the  relay  to  release  its  armature  and 
set  the  signals. 

Trolley'or  Third  Bail 


-rra 


D.C.Bailway 

^  ^  Generator 

Betarn  Rati  |         — 


filock  Bail 


K 


Signal 


Signal  Light 


Fuse' 

liTon-indactlTej 
Beaistance 
Beactance  Coil 


r 


WAA/J 


Tracli  —* 
Transformer 

-^.C.Track 
IJ      Belay 


^ 


Bail 
Insulation 


tXXG 


Signal 

A.C. 

Generator 


P^ 


A.C.Signal  Mains 


Pig.  25. — Single-rail  alternating  current  block  signal. 

Double-rail  Track  Circuit  Altemating-current  Signal  System. 
Fig.  26  shows  the  relation  of  the  essential  parts  of  a  track  circuit 
alternating-current  signal  system  in  which  both  rails  are  used  in 
common  by  the  signal  alternating  current  and  the  train  propul- 
sion direct  current.  This  common  use  is  made  possible  by  the  in- 
ductive bonds  which,  while  offering  little  resistance  to  the  train 
propulsion  current,  maintain  a  considerable  alternating-current  po- 
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Pig.  26. — Double  rail  alternating  current  block  signal. 

tential  difference  between  the  rails  when  there  is  no  train  in  the 
l>lock  supplied  by  the  track  transformer.  While  this  considerable 
alternating-current  potential  difference  continues  the  armature  of 
the  relay  holds  the  signals  at  the  normal  indication,  but  when, 
as  by  the  bridging  action  of  the  wheels  and  axles  of  a  train  in  the 
l>lock,  this  alternating-current  potential  is  greatly  reduced,  the 
armattue  of  the  relay  is  released  and  the  signals  are  set.  The  in- 
<iuctive  bond  consists  of  a  single  winding  of  heavy  conductor  on  a 
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laminated  iron  core  and  having  a  tap  brought  out  at  its  midifc  [ 
point.  (The  magnetic  circuit  for  use  with  direct  current  h 
propulsion  includes  an  air  gap.)  The  bond  is  connected  across  the 
rails  at  one  end  of  an  insulated  section  of  track  and  the  middle  tyr 
is  connected  to  the  middle  tap  of  a  similar  bond  connected  acm 
the  rails  at  the  adjacent  end  of  the  adjoining  insulated  tadi 
section.  To  limit  the  flow  of  current  supplied  by  it,  the  trad 
transformer  is  provided  with  an  adjustable  leakage  path  between  its 
primary  and  secondary  windings. 

This  S3rstem  is  also  used  where  alternating  current  is  used  for] 
train  propulsion.    For  this  service  the  frequency  of  the  current! 
the  signal  circuit  is  greater  than  that  of  the  train  propulsion  currenL, 
The  impedance  bonds  have  no  air  gaps.    They  offer  little  im]^ 
ance  to  the  train  propulsion  current,  but  they  oflfer  sufficient  i 
pedance  to  the  signal  circuit  current.    The  relay  is  cons 
to  operate  only  with  current  of  the  higher  frequency. 

Short  Track  Circuit  Signal  System.    In  the  short  track  fgat 
system  only  short  insulated  sections  of  track  at  the  ends  dif 
block  are  used  in  the  signal  operation.    The  following  outliitt^ 
based  on  the  Kinsman  system.    Special  provision  for  signal  opal* 
tion  is  made  between  adjacent  rails  of  but  one  side  of  the  electiie 
railway  track,  thus  the  other  rail  is  left  continuous  as  if  it  weiefl 
serve  only  the  needs  of  train  propulsion.    The  track  circuit »  ' 
eludes  two  adjacent  insulated  sections,  each  two  rail-lengths  ha^ 
The  sections  are  insulated  by  three  insulated  joints.     The  secdon 
farther  from  the  center  of  the  block  controls  the  setting  of  tbe 
signals,  while  the  second  section  controls  the  release  of  the  signals. 
The  return  circuit  of  the  train  propulsion  current  is  carried  around 
these  insulated  sections  by  an  auxiliary  conductor,  either  rail  <i 
cable.    The  relays  are  operated  by  current  from  a  primary  battoy. 
When  the  block  is  "clear"  the  normal  position  of  the  signal  anas 
vertical.    The  train  in  entering  the  block  first  passes   over  tht 
setting  section  and  operates  the  setting  relay.    This  cuts  out  ^ 
release  relay  and  makes  both  insidated  sections  a  setting  secdoii. 
If  a  train  is  leaving  a  block  it  first  passes  over  the  release  section, 
cutting  the  setting  relay  out  of  circuit  and  making  both  sections  a 
release  section.    A  step-by-step  controller  at  each  signal  registeii 
the  movement  of  the  trains  into  and  out  of  the  block  and  controls 
the  circuit  operating  the  signal.    The^  controller  switch  is  not 
thrown  back  to  its  normal  position  until  the  last  train  leaves  the 
block.    The  position  of  the  signals  is  controlled  by  the  position 
of  the  controller  switch.    When  the  block  is  unoccupied  this  switci 
is  at  normal  position  and  the  signals  at  both  ends  are  in  verticd 
position.     As  a  train  enters  a  block  the  setting  relay  operates  ^*^' 
controller  at  the  entering  end  and  the  controller  switches 
This  breaks  the  circuit,  de-energi2ang  the  signal  at  the  distant 
of  the  block,  allowing  it  to  fall  by  gravity  to  the  horizontal 
"stop"  position.    As  a  signal  assumes  the  "stop"  position  it  o^ 
the  circuit.    When  an  entering  train  leaves  the  insidated  secti< 
the  signal  at  the  entering  end  is  de-energized  and  falls  by  gra 
to  the  45-deg.  or  "caution"  position  and  is  held  in  this  posi 
by  a  slot  magnet  which  is  operated  by  the  switch  on  the  con 
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As  each  succeeding  train  enters  the  block  it  passes  onto  the  insulated 
section  and  the  signal  moves  from  the  45-deg.  position  to  the  ver- 
tical position;  then  after  the  train  has  passed  over  the  insulated 
section  the  signal  falls  back  to  the  45-deg.  position,  and  the  signal 
at  opposite  end  of  block  goes  to  horizontal  position.  As  each  train 
passes  out  of  the  block  the  release  relay  operates  and  in  turn  actu- 
ates the  controller  at  the  entering  end  of  the  block  one  step  back 
toward  its  normal  position.  As  the  last  train  passes  out  the  con- 
troller switch  is  operated,  which  completes  the  circuit  through  the 
signal  at  both  ends  of  the  block,  causing  both  to  operate  to  the 
vertical  position,  which  indicates  that  all  trains  are  clear  of  the 
^  block. 

Insulating  Joints.  Where,  as  at  the  end  of  a  block,  it  is  neces- 
:  sary  to  insidate  adjacent  rail  ends  from  each  other,  a  piece  of  insu- 
^  lating  fiber  is  placed  between  the  rail  ends,  insulating  bushings  are 
placed  around  the  bolts  and  insulating  fiber  is  clamped  between  the 
>nul  and  the  joint  plates,  the  latter  having  been  planed  down  or 
-.specially  made  for  the  purpose. 

Effect  of  Zinc-treated  Ties  on  Two-rail  TVack  Circtdts.    The 
;following  is  the  consensus  of  opinion  obtained  in  letter  replies.    It 
was  given  by  the  Committee  on  Signals  and  Interlocking,  1913, 
A.R.E.A.,  and  accepted  as  information  by  that  association:  (i) 
Track  circuits  a  mile  in  length  are  rendered  inoperative  by  the  ex- 
j  tensive  use  of  zinc-treated  ties.     (2)  Track  circuits  2000  ft.  in 
length  may  be  operated  successfully,  even  with  50  per  cent,  or 
^  more  of  ties  so  treated.     (3)  10  per  cent,  to  15  per  cent,  renewals 
per  year  wiU  not  materially    affect    such  length  circuits.     (4) 
.  Where  renewals  are  made  of  fifteen  or  twenty  adjacent  ties,  the  leak- 
:  age  is  much  greater  than  where  they  are  made  singly  at  uniform  dis- 
tances, i.e,y  with  15  per  cent,  renewals  (every  sixth  or  seventh  tie). 
.'(5)  While  the  surface  salts  are  present,  more  leakage  occurs  during 
.wet  weather  than  with  untreated  ties,  as  these  wet  salts  form  a 
'better  conductor  than  ordinary  wet  wood.     (6)  In  dry  hot  weather, 
the  salts  are  drawn  to  the  surface  and  constitute  a  more  or  less 
.perfect  conductor.     (7)   After  a  period  varying  from  3   months 
to  a  year,  these  salts  disappear  and  subsequently  no  interference 
Is  noticeable. 

Dispatchers'  Signal  Sjrstems 

There  are  many  signal  systems  in  which  provision  is  made 
whereby  a  dispatcher  may  set  signals  at  desired  points  along  the 
track.  Telephone  communication  between  train  crew  and  dis- 
patcher is  also  generally  provided  for.  The  main  point  of  difference 
petween  dispatchers'  signal  systems  which  set  fiied  signals  is  the 
lliethod  whereby  the  desired  fixed  signal  is  selected. 
f"  Impulse  Systems.  In  the  Blake  signal  system .  several  signals 
e  connected  to  the  same  circuit  and  each  signal  contains  a 
ndulum  of  a  length  differing  from  the  lengths  of  all  other 
dulums  in  the  signals  on  that  circuit.  In  the  dispatcher's  office 
iCre  is  a  pendulum  of  the  same  length  as  each  of  the  pendulums 
the  signals.  When  the  dispatcher  sets  one  of  his  pendulums 
rating  it  opens  and  closes  an  electric  circuit,  thus  sending  im- 
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pulses  of  current  out  on  the  signal  circuit.    These  impulses  of 
current  pass  through  electromagnets  in  the  signals  and,  in  a  few 
seconds,  the  p>endulum  of  the  length  of  the  one  started  by  tiie 
dispatcher  is  made  to  vibrate  by  the  electromagnet  to  such  a  . 
extent  that  it  mechanically  trips  the  release  which  sets  the  signi. 
As  the  signal  sets  it  closes  a  sounder  circuit  to  the  dispatcher's 
ofhce,  thus  giving  indication  that  the  signal  has  been  set.     There  aie 
several  signal  systems  in  which  a  spring  or  weight-driven  selector  I 
in  the  dispatcher's  office  sends  out  impulses  which  will  operate 
a  desired  signal.     The  selector  signals  are  generally  reset  manuaUy 
at  the  signal  or  by  cooperation  of  the  dispatcher  and  someone  at 
the  signal. 

Sinunen  Signal  System.    The  Simmen  signal  system  provides 
a  means  whereby  a  signal  may  be  set  on  a  train  by  the  dispatcher 
and  a  continuous   record  showing  the  location  of  all  trains  aod 
the  speeds  at  which  they  are  running  through  the  blocks  is  diami 
in  the  dispatcher's  office.    The  system  operates  independently rftie 
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Pig.  27. — Main  control  circuits,  Simmen  signal  system. 

train  propulsion  current  supply.    The  circuits  of  this  system  divide 
into  two  main  parts;  the  main  control  circuit  (Fig.  27)  and  the  car 
circuit  (Fig.  28).    Three  sections  of  third  rail  (each  about  75  ft 
long)  at  the  sidings  are  connected  by  line  wire  to  relays,  dispatcher's 
control  switches  and  a  battery  in  the  dispatcher's  office.     The  return 
is  over  the  track  rails.    The  car  equipment  consists  essentially  of  a 
third-rail  shoe,  local  battery,  relay  and  two  signal  lamps  (one  red  and 
one  green) .    The  short  lengths  of  contact  rail  are  located  one  opposii 
the  switch  and  two  others,  2000  ft.  distant  in  each  direction.    Tki 
rail  at  the  siding  is  called  the  home  rail  and  the  other  two  are 
distant  rails.    By  means  of  the  two  rails  located  2000  ft.  from  d* 
siding  it  is  possible  to  inform  the  crew  of  its  signal,  sufficiently  far  k 
advance  to  permit  the  stop  to  be  made  before  the  siding  is  reacfcpl 
That  is  to  say,  if  two  trains  are  approaching  a  siding  where  they  an 
to  meet,  they  will  receive  red  signals  when  4000  ft.  apart  and 
each  train  will  yet  have  2000  ft.  distance  remaining  in  which  to  come 
under  control  to  make  the  siding  stop.    When  a  car  passes,  tbe 
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contact  shoe  attached  to  the  side  of  the  truck  touches  the  third 
rail.  The  circuit  is  then  completed  through  a  relay  on  the  car  and 
through  the  running  gear  of  the  car  to  the  rail.  Thus  the  car 
relay  is  put  in  series  with  the  relay  and  the  control  switch  at  the 
dispatcher's  office.  If  a  contact  rail  is  energized  (by  the  closing  of 
the  dispatcher's  control  switch)  a  "clear"  signal  will  be  given  on  a 
train  passing  the  contact  rail.  A  "clear"  signal  received  in  enter- 
ing a  new  block  will  continue  to  show  "  clear"  throughout  the 
block,  and  a  "danger"  signal  once  displayed  will  continue  at 
"danger"  until  it  is  automatically  cleared  when  a  train  is  passing 
an  energized  third  rail.  The  third  rail  has  inclined  approaches  at 
each  end.    When  the  contact  shoe  (Fig.  28)  approaches  the  third 
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Fig.  28. — Car  circuit,  Simmen  signal  system. 

rail,  the  shoe  is  raised  and  arm  R  of  the  contact  shoe  separates  from 
front  stop  S.  If  the  third  rail  is  energized  a  circuit  is  established 
through  the  dispatcher's  office.  With  this  circuit  energized  the 
relay  will  be  energized  and  its  armature  will  close  the  circuit  through 
a  green  or  "clear"  signal  lamp,  as  well  as  another  circuit  to  front 
stop  S.  As  soon  as  the  shoe  leaves  a  third  rail  a  spring  forces 
contact  arm  R  against  front  stop  5,  thus  closing  a  local  holding 
circuit.  In  this  manner  the  "clear"  signal  is  continued  throughout 
the  entire  block  entered.  When  a  car  passes  a  de-energized  rail  a 
**  danger"  signal  is  displayed  and  held  until  an  energized  third  rail 
is  passed.  The  dispatcher's  switches  are  interlocked  to  prevent  the 
dispatcher  giving  a  "clear"  signal  to  a  train  at  one  end  of  a  block 
before  a  "danger"  signal  is  set  against  an  opposing  train  at  the 
other  end  of  the  block.  A  record  of  the  movement  of  trains  is 
made  on  a  train  sheet  driven  by  clockwork.  Elapsed  time  is 
measured  on  the  sheet  in  the  direction  of  motion  of  the  sheet  and 
train  location  (by  blocks)  is  given  perpendicular  to  this  direction. 
The  record  is  made  by  needles  operated  by  electromagnets  con- 
trolled by  the  main  rdays  in  the  dispatcher's  control  switch  cir- 
cuits. There  are  two  needles  for  each  block,  one  needle  records 
the  movement  of  a  train  running  in  one  direction  through  a  block 
and  the  other  needle  records  the  movement  of  a  train  running  in 
the  other  direction  through  that  block.  The  record  is  given  by  a 
slit  cut  in  the  paper  by  a  needle  which  is  made  to  continue  cutting 
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the  slit  throughout  the  time  a  train  bound  in  the  direction  for  which 
that  needle  records  is  in  the  block  represented  by  that  needle. 

Audible  Signal.  By  this  device  (Federal  Signal  Co.)  an  audibJe 
signal  sufficiently  loud  to  attract  the  attention  of  all  persons  on  i 
passing  train  is  given.  If  a  train  without  the  brakes  applied  passes 
a  caution  signal,  a  relay  in  a  track  circuit  is  de-energized.  This 
causes  four  torpedoes  placed  at  the  caution  signal  to  be  successivdy 
exploded  at  half-second  intervals.  Arrangement  is  made  whereby 
the  operation  of  the  audible  signal  may  be  prevented  from  the 
train  if  the  brakes  are  applied.  This  is  done  by  a  circuit  made 
through  a  short  contact  rail  placed  beside  the  running  rail. 

Sig^  Maintenance.    The  following  regarding  the  maintenance 
of  signals,  from  the  Electric  Railway  Journal,  19 14,  is  an  outline  of 
methods  in  use  on  the  Boston  Elevated  Railway  System,  and  is 
an  example  of  good  practice.    There  are  about  27  miles  of  main- 
line elevated,  subway  and  tunnel  track  on  which  about  250  electro- 
pneumatic  signals  operate.     Some  of  these  are  operated  by  altenat- 
ing  current  using  double-rail  return,  the  local  transformers  Mt 
supplied  from  550  volt  mains  and  the  maximum  supply  to  the 
track  circuits  is  10  volts.    The  rest  are  operated  by  direct  current 
using  single-rail  return,  the  potential  of  the  direct-current  sup^y 
mains  is  no  volts,  the  potential  across  the  track  relays  is  15  to 
20  volts. 

^  Organization    of    Signal    Maintenance.    The    maintenance  of 
signals  and  interlocking  and  all  new  construction  in  connection 
with  either  is  handled  by  the  company's  department  of  maintenance 
of  way,  headed  by  a  chief  engineer  responsible  to  the  chief  of 
maintenance.     Reporting  to  the  former  through  the  superintendent 
of  rapid  transit  lines  is  a  roadmaster  of  rapid  transit  lines,  and  to 
the  last-named  official  the  head  of  the  signal  department  reports, 
with  the  title  of  inspector  of  signals.    The  inspector  of  sigimls  is 
assisted  in  executive  duties  by  a  general  foreman  of  signals,  under 
whom  are  a  foreman  of  interlocking  construction,  a  foreman  of 
electrical  construction,  ten  signal  maintainers,  fourteen  interlock- 
ing maintainers,  and  a  Cambridge  subway  foreman,  under  whom 
are  seven  men,  four  being  assigned  to  interlocking  and  three  to 
signals.     Under  the  foreman  of  interlocking  construction  are  five 
constructors  and  helpers,  and  under  the  foreman  of  electrical  con- 
struction are  also  five  constructors  and  helpers.    These  are  two 
classes  of  interlocking  maintainers,  the  first  class  being  responsible 
for  both  electrical  and  mechanical  interlocking  apparatus,  and 
working  from  5:30  a.m.  to  3  p.m.,  the  second  class  having  no 
responsibilities  in  relation  to  electric  interlocking  maintenance, 
but  otherwise  having  the  duties  of  the  first  class,  their  workin| 
hours  being  from  3  p.m.  to  12:30  a.m.    Train  service  on  the  rapkl' 
transit  lines  extends  roughly  from  5 :  30  to  1 2 :  30  a.m.  daily.     That 
are  also  two  office  foremen  who  report  to  the  general  foreman  or 
the  inspector  of  signals,  and  who  have  general  charge  of  all  signik 
and  interlocking  forces  in  the  absence  of  both.    Maintainers  tit 
promoted  from  construction  crews,  the  senior  construction  man 
being  utilized  as  a  spare  maintainer.     He  thus  has  experience  in 
the  work  prior  to  becoming  full-fledged  maintainer.    Before  at- 


SIGNAL  MAINTENANCE  809 

taining  this  rank  the  candidate  is  required  to  pass  an  oral  and 
written  examination  given  by  the  inspector  of  signals,  the  written 
portion  dealing  mainly  with  the  making  and  interpretation  of  signal 
or  interlocking  wiring  diagrams.  The  track  layout  requires  the 
use  of  eleven  interlocking  towers,  which  are  in  general  operated  in 
three  daily  tricks,  as  foUows:  First  trick,  12  midnight  to  9  a.m.; 
second  trick,  9  a.m.  to  6  p.m.;  third  trick, '3  p.m.  to  12  midnight. 
An  overlap  is  thus  provided  to  care  for  the  afternoon  rush-hour 
conditions.  Monthly  shifts  in  tricks  are  made  in  regular  rotation 
by  signal  maintainers.  Men  on  the  first  trick  work  in  connection 
with  night  construction  and  repair  crews  are  required  to  understand 
both  electrical  and  mechanical  apparatus.  Towermen  are  directly 
responsible  to  the  train  dispatcher. 

Duties  of  Signal  Maintainers.  Signal  maintainers  on  the 
elevated  lines  and  in  the  Washington  Street  tunnel  work  in  three 
daily  shifts,  viz.,  12  midnight  to  9  a.m.,  9  a.m.  to  6  p.m.,  and  3  p.m. 
to  12  midnight.  Those  in  the  Cambridge  subway  work  from  12 
midnight  to  9  a.m.,  from  6  a.m.  to  3  p.m.  and  from  3  p.m.  to  mid- 
night. The  following  outline  of  the  distribution  of  maintenance 
work  on  signal  equipment  in  the  Cambridge  subway  illustrates  the 
character  of  the  duties  required: 

First  trick,  midnight  to  9  a.m. :  Insp>ect  all  lamps  in  subway  in- 
verts, Eliot  Square  shop  and  yard,  with  necessary  replacements. 
Look  after  cleaning  of  all  electric  light  switchboards  (sixty-three 
in  number).  See  that  automatic  throw-over  switches  supplying 
emergency  subway  lighting  current  are  working  properly.  In- 
spect pumps  at  five  pump  chambers  between  iTarvard  Square  and 
Kendall  Square,  inclusive.  Test  cross-over  track  switches  at 
Kendall  and  Quincy  Squares.  Answer  emergency  calls  for  light 
or  signal  trouble. 

Second  trick,  6  a.m.  to  3  p.m. :  Inspect  and^keep  oiled  all  signal 
apparatus  between  Harvard  Square  and  Park  Street,  covering 
twenty-four  straight  electric  signals,  three  electropneumatics  on 
bridge  and  twenty-seven  automatic  stops.  Inspect  pumps  in 
chambers  daily  and  answer  emergency  calls. 

Third  trick,  3  p.m.  to  midnight :  Inspect  daily  and  keep  cleaned 
and  oiled  all  pumping  apparatus.  Inspect  and  clean  ejectors  at 
Harvard,  Central  and  Kendall  Squares.  Answer  light  and  signal 
emergency  calls.  All  maintainers  keep  tower  P,  at  Harvard  Square, 
informed  as  to  whereabouts. 

Light  parts  are  renewed  by  maintainers.  In  renewing  resistance 
tubes,  improving  contacts,  etc.,  the  signal  circuit  within  the  case 
is  killed  by  pulling  an  inclosed  fuse.  In  general,  relay  adjustments 
are  made  at  the  office  of  the  inspector  of  signals  by  an  office  foreman, 
who  specializes  in  this  delicate  work.  In  the  Cambridge  subway  a 
tnaintainer  often  receives  from  fifteen  to  twenty  calls  daUy  to  replace 
burned-out  lamps,  fuses  or  other  light  repairs.  The  inspection  of 
motor-generator  sets  in  towers  which  furnish  current  at  no  volts 
to  the  signal  mains  is  handled  by  signal  maintainers,  storage 
batteries  being  kept  in  condition  by  interlocking  maintainers. 

Signal  Maintenance  Records  and  Reports*  Each  signal  depart- 
ment employee  is  provided  with  a  4-m.  by  8-in.  pocketbook  of 
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blueprints  containing  the  standard  symbols  of  the  Railway  Signal 
Association,  lists  of  standard  terminal  strips,  wiring  diagrams  of  all 
signal,  track  and  supply  circuits  of  t3rpical  arrangement  on  the  S3rs- 
tem,  wiring  of  detector  and  interlocking  machines,  surface  car 
signals  and  track  switches,  track  layouts  at  important  junctions, 
cai  clearance  diagrams,  speed  tables,  heater  wiring,  telephone 
circuits  and  platform  clearances,  with  an  explanation  of  pneu- 
matic valve  operation  and  other  data  bearing  directly  on  the  work 
of  the  department.  Reports  of  signal  troubles  are  transmitted  to 
the  train  dispatcher  by  telephone  or  telegraph  and  are  at  once 
turned  over  to  the  signal  maintainers  and  then  to  the  signal  in- 
spector's office.  Each  maintainer  upon  completing  a  repair  job 
or  upon  adjusting  any  operating  trouble  reports  to  the  office  on  a 
4-in.  by  6-in.  slip  recording  the  nature  of  the  trouble,  the  timff 
required  to  attend  to  it,  etc.,  retaining  a  yellow  carbon  copy 
for  reference.  From  the  reports  of  maintainers  a  3-in.  by  5-in.  day 
card  is  made  up,  giving  the  signal  number  and  the  cause  of  trouble 
reported,  and  from  the  day  cards  a  monthly  report  to  the  road- 
master  is  compiled,  showing  in  summary  form  the  date  of  occurrence 
of  each  trouble,  the  kind  of  trouble  experienced  and  an  analysis  of 
the  month's  operations. 

Crossing  Protection.  Automatic  highway  crossing  protection 
may  be  afforded  by  a  gate,  an  audible  or  a  visible  signal,  or  by  a 
combination  of  these,  to  warn  highway  traffic.  Which  should  be 
used  at  a  given  crossing  depends  upon  the  traffic  conditions  on 
both  the  railway  and  the  highway,  also  upon  the  particular  sur- 
roundings of  the  situation.  The  audible  signal  is  given  by  either  a 
gong  having  a  frequency  of  about  200  strokes  per  minute  or  by  a 
horn.  The  visible  signal  is  given  in  the  daytime  by  the  gate 
itself  which  is  painted  so  that  it  is  conspicuous  against  its  back- 
ground and  at  night  by  electric  light  or  oil  lamp — the  latter  being 
arranged  with  screens  operating  to  expose  the  proper  danger  signal 
To  avoid  unnecessary  stops  or  slowdowns  at  a  crossing,  a  signal 
operating  with  the  highway  protection  device  is  sometimes  placed 
to  indicate  to  the  motorman  whether  or  not  the  crossing  device  has 
operated.  Such  a  signal  is  commonly  arranged  to  indicate  "dan- 
ger" normally  and  "clear"  when  the  crossing  device  is  operating. 

Crossing  protection  signals  may  be  operated  by  any  of  the  means 
used  for  ordinary  block  signals  with  the  exception  that  in  any  par- 
ticular installation  the  means  employed  must  be  such  as  not  to 
interfere  with  the  proper  working  of  the  block-signal  system.  A 
great  many  crossing  protection  devices  have  been  developed. 
Following  are  a  few  typical  schemes  illustrative  of  methods  em- 
ploying differing  principles. 

Crossing  Gate  (of  the  Cook  Railway  Signal  Co.) .  The  gate- 
operating  outfit  consists  of  a  motor-driven  worm-gear  mechanism 
so  interconnected  by  means  of  a  magnet  clutch  as  to  cause  the  gate 
arm  to  fall  to  the  "danger"  or  horizontal  position  upon  the  cuttioif 
off  of  the  current,  and  to  cause  the  operating  mechanism  to  rust 
the  gate  arm  to  the  "clear"  position  upon  the  return  of  current. 
The  fall  of  the  gate  arm  to  the  "danger"  position  is  not  a  sudden 
drop,  as  it  is  controlled  by  a  band  brake,  which  in  turn  is  controlled 
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t>y  a  governor.  This  brake  and  its  governor  connection  are  so 
Donstructed  that  they  are  adjustable,  thus  giving  a  quick  or  an 
Bxtremely  slow  fall  to  the  "danger**  position.  The  gate  mechan- 
ism is  set  into  operation  by  the  passage  of  the  train  over  a  track 
or  trolley  instrument  located  at  a  suitable  distance  from  the  cross- 
ing, and  it  is  restored  when  the  train  passes  another  track  or  trolley 
Lastrument  at  the  crossing. 

Trolley  Switch  and  Audible  or  Visible  Signal.  A  "setting" 
switch  is  placed  in  the  trolley  wire  at  the  approach  to  the  cross- 
ing and  a  "restoring"  switch  is  placed  in  the  trolley  wire  at 
the  crossing.  The  trolley  wheel  of  a  car  passing  the  "setting** 
switch  closes  a  momentary  contact  to  energize  the  setting  magnet 
of  a  relay  in  the  crossing  mechanism,  causes  its  armature  to  be 
attracted  and  mechanically  latched  in  position.  This  operation 
closes  a  permanent  feed  from  trolley  across  contact  points  on  the 
relay  to  the  bell  and  through  resistance  to  groimd.  Upon  reach- 
ing the  crossing,  the  trolley  wheel  on  the  car  closes  a  momentary 
contact  in  the  "restoring**  switch,  which,  being  connected  to  the 
restoring  magnet  of  the  relay,  causes  its  armature  to  be  attracted, 
j-Mich  operation  unlocks  the  mechanical  latch  above  mentioned, 
Wowing  the  armature  of  the  setting  magnet  to  faU  by  gravity 
and  opening  the  trolley  feed,  thus  restoring  the  signal  to  the 
inoperative  condition.  The  circuits  may  be  arranged  to  illumi- 
nate a  danger  sign  at  the  crossing  or  for  other  lamp  or  light  ar- 
rangement such  as  the  use  of  red  lights  on  the  highway  each  side 
of  the  crossing  or  such  other  arrangement  as  will  best  suit  the 
particular  case. 

Third  Rail  Contact.    (Sedwick.)    A  section  of  third  rail  is  laid  on 
the  side  of  the  track  opposite  to  that  of  the  regular  third  rail  which 
supplies  the  train  propulsion  current.    When  a  car  passes  this 
point,  the  contact  shoes  of  the  car,  being  all  four  in  parallel,  make 
,  contact  between  the  regular  third  rail  and  the   above-noted  in- 
sulated section  on  the  other  side  of  the  track.    There  is  a  circuit 
from  the  insulated  section  through  a  relay  and  thence  to  ground. 
The  relay  has  two  sets  of  coils.    When  a  car  is  approaching  the 
crossing  it  passes  over  the  section  of  rail  which  makes  the  contact 
so  as  to  energize  one  pair  of  coils  in  the  relay.    The  armature  of  the 
relay  is  then  pulled  over  so  as  to  make  contact  and  establish  a  cir- 
cuit from  the  regular  third  rail  through  a  bank  of  five  lamps  to 
ground.    An  alarm  bell  is  connected  in  shunt  with  one  of  these 
lamps.     The  lamps  are  lighted  and  the  bell  is  rung  until  the  car 
passes  a  second  section  of  third  rail  which  is  beyond  the  crossing. 
■Jn  passing  diis  section  a  circuit  is  established  through  the  other 
tpdr  of  coils  on  the  relay,  which  results  in  opening  the  alarm  bell 
■jCVCuit  and  putting  the  signal  out  of  operation  until  again  ener- 
^'^iked  by  a  car  approaching  the  crossing. 

Phinger  Contactor.    (Sauer  and  Johnson.)    In  this  signal,  the  car 

I  wheels,  in  passing,  depress  the  plunger  of  a  track  instrument, 

located  close  beside  the  rail.    This  plunger  is  held  up  by  a  stiff 

,  spring  and  can  be  depressed  only  by  the  car  wheels.    The  car 

I  wheels,  in  depressing  this  plunger,  operate  a  lever  which  pushes  an 

armature  up  in  a  solenoid.    This  armature,  when  at  the  upper 
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limit  of  its  travel,  makes  contact  between  two  fingers,  thus  com- 
pleting the  circuit  from  the  trolley  or  third  rail  through  the  solen- 
oid coil.  The  coil  thus  being  energized,  holds  the  plunger  up  of 
itself.  The  same  circuit  passes  through  the  alarm  bell  and  bai^a^ 
lamps.  The  alarm  bell  circuit  is  broken  by  the  passing  of  the  cs 
wheels  over  a  similar  track  instrument  on  the  other  side  of  tk 
crossing,  which  momentarily  breaks  the  circuit  and  causes  tlK 
solenoid  of  the  track  instrument  on  the  other  side  of  the  crossiiig 
to  let  go. 

Oscillator.  (Protective  Signal  Manufacturing  Co.)  The  oscillator 
is  a  rugged  contacting  device  inclosed  in  a  waterproof  iron  casii^ 
so  arranged  that  it  may  be  fastened  mechanically,  in  a  rigid  way, 
to  the  base  of  the  running  rail.  It  consists  of  a  spring  arm  hddik 
one  end  and  carrying  at  the  other  end  a  magnetic  coil  in  series  wdk  il 
the  Une  circuit  connecting  the  oscillator  and  the  signal  mechaaA  I 
at  the  crossing.  Normally  this  contact  is  broken,  but  the  move*  ] 
ment  or  swing  of  the  arm  by  vibration  causes  it  to  open  the  dioEt  f 
momentarily  at  its  outer  end  and  thus  start  the  operation  of  the  cro»  1 
ing  bell.  The  bell  is  kept  ringing  during  the  interval  between  the  \ 
time  that  the  train  passes  over  the  oscillator  and  the  time  wheMI 
reaches  the  crossing  by  means  of  a  magnetic  timer  consisting  olit 
ratchet  wheel  revolved  by  means  of  a  magnetically  operated  pwrf 
and  retent,  connected  in  series -with  the  bell  circuit.  This  is 
usually  set  to  operate  for  30  seconds  after  the  oscillator  has  closed 
the  line  circuit. 

Magneto  Mechanica] .    (Hoeschen  Manufacturing  Co.)     This  ap- 
paratus operates  independently  of  an  external  supply  of    electnc 
current.    One  end  of  a  lever  pivoted  near  a  rail  extends  under  tk 
rail.    The  other  end  carries  the  armature  of  a  pair  of  inductkn 
coils  having  permanent  magnets  for  cores.    The  passage  of  a  tzaia 
over  the  outer  end  of  this  lever  depresses  it,  thus  lifting  the  arma- 
ture from  the  magnets.    This  induces  a  momentary  electromotive 
force  in  the  induction  coils  and  the  resulting  current  is  conductied 
through  line  wires  to  the  release  magnets  which  control  the  bell 
motor  at  the  crossing.    The  bell  motor  consists  of  a  gear  move- 
ment of  three  wheels  used  in  connection  with  three  motor  springs. 
These  springs  are  secured  to  the  main  driving  shaft  of  the  nxrtor 
and  are  woimd  by  a  rod  connected  directly  with  a  lever  resting 
against  the  underside  of  the  rail  at  a  point  opposite  the  motor. 
When  the  rail  at  that  point  is  depressed  by  the  wheel  of  each  car  of  a 
passing  train,  a  reciprocating  motion  of  the  winding  rod  (motor 
lever)  is  obtained,  thus  winding  the  springs  and  restoring  the  ie> 
leasing  lever  which  controls  the  motor.    The  connecting  rods, 
tending  from  the  winding  rod  to  the  pawl  plates  on  which 
carried  the  dogs  for  turning  the  ratchet  wheel  are  arranged  to 
the  ratchet  wheel  on  both  the  upward  and  downward  stroke  of  tl|' 
winding  rod.    The  passing  of  one  car  will  wind  the  ratchet  nMlft 
than   4  in.    The  motor  gearing  is  so  arranged  that  less  tint 
this  amount  of  winding  is  needed  to  ring  the  bdl  for  the  passitfil 
two  following  cars.    The  motor  stores  suflBdent  energy  to  nag 
the  bell  for  about  100  cars  before  rewinding  is  necessary. 
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Automatic  Train  Stop 

The  necessity  for  an  automatic  device  to  stop  a  train  increases 
as  train  speed  is  increased  and  as  headway  is  shortened,  becoming 
greatest  where  the  possibility  of  failure  to  promptly  see  and  obey  a 
danger  signal  is  greatest.  Automatic  train  stops  are  generally 
so  arranged  that  the  train  may  "key  by"  in  an  emergency.  That 
is,  a  member  of  the  train  crew  may  arrest  the  operation  of  the  stop 
in  order  to  let  the  train  pass  into  the  block  protected.  Aside  from 
tlie  location  of  regular  stopping  places,  local  conditions  of  traffic 
and  right  of  way  and  the  type  and  method  of  signaling  in  use, 
the  climatic  conditions  under  which  the  train  stop  is  to  operate 
must  be  given  serious  consideration  in  deciding  upon  the  proper 
train  stop  for  a  required  service.  ^ 

The  Joint  Committee  on  Automatic  Train  Stops,  American  Rail- 
way Association,  Nov.,  191 3,  called  attention  tot  he  necessity  of 
studying  an  automatic  train  control  system  with  a  view  to  avoid- 
ing the  introduction  of  new  elements  of  danger  which  might  be 
greater  than  those  which  it  is  the  purpose  of  the  installation  to 
overcome.  This  is  because  no  automatic  train  control  device,  so 
far  as  known,  can  be  universally  applied  without  adding  elements 
of  danger  in  train  operation.  The  following  requisites  of  con- 
struction, installation  and  operation  of  an  automatic  train  controlling 
system  are  from  the  report  of  that  committee: 

Failure  of  any  essential  part  will  cause  the  application  of  the 
brakes. 

Proper  operation  under  all  conditions  of  speed,  weather,  wear, 
oscillation  and  shock. 

A  train  traveling  at  a  speed  conforming  to  restrictions  may  pass 
a  trip  in  the  tripping  condition  without  the  brakes  being  applied. 

Prevention  of  the  release  of  brakes  after  application  has  been 
made  until  the  train  has  been  stopped  or  its  speed  reduced  to  a 
predetermined  rate. 

Stop  or  speed  control  accompUshed  within  a  predetermined 
distance. 

Operation  without  interference  with  the  application  of  the 
brakes  by  the  motorman's  valve  and  without  a  reduction  in  the 
efficiency  of  the  brake  system. 

Operation  without  interference  with  fixed  signals. 

Union  Switch  and  Signal  Automatic  Train  Stop.  Fig.  29  shows 
the  type  of  automatic  train  stop  used  on  the  Pennsylvania  Tunnel  & 
Terminal  installation  in  New  York.  This  stop  consists  of  a  tripping 
arrangement  on  the  roadway  and  a  valve  under  the  car  which  can  be 

rated  by  the  tripper  to  set  the  brakes.  The  tripper  arm  carrying 
tripper,  held  in  position  by  two  helical  springs,  is  mounted 
i  on  a  rocker  arm  and  is  operated  in  connection  with  the  signal  so 
[that  when  the  latter  is  at  "clear"  the  tripper  arm  is  depressed,  by  a 
solenoid  or  compre^ed  air,  against  the  ties  and  thus  holds  the 
tripper  out  of  the  path  of  the  train  mechanism.  When,  however, 
the  signal  is  at  "danger"  the  tnpper  arm  takes  the  vertical  posi- 
tion and  upon  being  struck  by  the  cushion  spring  on  the  train 
mechanism  the  tripper  revolves  about  its  axis  on  the  tripper  arm 
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and  operates  the  valve  ia  the  air  brake  system  as  indicated  t 
the  6^re.  The  tripper  is  of  light  and  flexible  construction  in  ordi 
that  it  may  not  be  broken  by  fast  trains.  Where  weather  or  otbi 
conditions  prevent  satislactoty  operation  under  the  train  the  gtq 
is  placed  overhead. 


Wilson  and  Wright  Anttmatic  Train  Stop.  The  following 
outline  of  the  train  stop  and  its  operation  as  used  on  the  Washing 
ton  Water  Power  Company's  system;  A  pivoted  metal  arm 
jects  out  over  the  track  at  such  a  height  when  in  a  horizontal  ^ .. 
tion  as  just  to  clear  the  roofs  of  the  cars.  This  arm  operates  i^ 
the  signal  so  that  when  the  signal  is  at  "  danger "  the  arm  b  ban- 
zoDtal,  and  when  the  signal  is  at  "clear"  the  arm  is  reused.  Pny 
jecting  above  the  roof  of  each  motor  car  is  a  glass  tube,  sealed  »t 
the  top  and  connected  to  the  train  air-brake  system  by  a  pipe  at 
the  bottom.     When  the  automatic  stop  arm  is  in  a  honunUl 

esition  the  glass  tube  on  any  car  which  passes  the  stop  arm  would 
broken  off  and  the  air  in  the  brake  pipe  would  be  released.  This 
would  automatically  set  the  brakes  and  they  could  not  be  teleasai 
until  a  new  tube  was  substituted.  In  the  event  of  failure  of  tbe  | 
dgnal  and  stop  arm  to  clear,  due  to  disarrangement  of  apparatus  or 
circuits,  means  are  provided  for  raising  the  stop  aim  by  hand  so  as 
to  permit  a  train  to  pass.  When  the  stop  has  operated,  the  glis 
tube  must  be  replaced  and  the  air-brake  system  recharged  bef«« 
the  train  can  proceed.  This  delay  is  of  Uttle  importance  ticrgl 
where  the  traffic  is  dense  and  the  headway  short.  To  provide  bf 
such  a  situation  a  long  valve  handle  has  been  substituted  for  tk' 
glass  tube.     This  handle  operates  a  valve  in  the  air-brake  pipe. 

Other  Types  of  Automatic  Train  Stops.  In  the  operation  of  otiKf 
types  of  automatic  train  stops  the  control  mechanism  of  the  brain 
on  the  train  is  influenced  from  the  track  by  mechanical  conUtt, 
electric  circuit,  mechanical  contact  and  electric  circuit,  magMlic 
induction  or  Hertzian  waves.  Brief  descriptions  of  several  of  thcM 
train  stops  may  be  found  in  the  1911  Proceedings  of  the  American 
Electric  Railway   Engineering  Association. 
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Siiggested  Clearances  for  Automatic  Train  Stop.  Fig.  30  shows 
the  limiting  clearances  for  automatic  train  stop  as  suggested  by  the 
191 1  Committee  on  Heavy  Electric  Traction,  A.E.R.E.A. 


I>Ml|ia!ac        lino       for        N«w 


Fig.  30. — Clearances  for  automatic  train  stops. 

Telephone 

General  Methods  d  Dispatching  by  Telephone.  Where  train 
dispatching  is  done  by  telephone,  the  telephone  is  either  contained 
in  a  booth  beside  the  track  or  it  is  carried  on  the  train.  In  the  latter 
case,  connection  with  the  line  is  made  to  terminals  situated  beside 
the  track  or  by  the  connections  provided  for  the  cab  signal.  Where 
the  telephone  is  the  only  method  of  signaling,  the  motorman  or  con- 
ductor of  a  train  calls  the  dispatcher  from  whom  he  then  receives  his 
running  orders.  Where  a  dispatcher's  signal  system  (see  p.  805)  in 
addition  to  the  telephone  is  used,  the  dispatcher  sets  a  signal  at 
which  the  train  stops  and  the  crew  communicates  with  the  dis- 
patcher. The  motorman  or  conductor  may  receive  the  order  and 
repeat  it  to  the  dispatcher  directly  or  the  motorman  or  conductor 
may  receive  the  order,  write  it,  meanwhile  making  a  carbon  copy 
which  he  gives  to  the  other  who  reads  it  back  to  the  dispatcher. 
The  latter  method  insures  the  least  chance  for  error  in  receiving 
the  order. 

Telephone  Dispatching  in  City  Operation.    The  following  is  a 

funeral  outline  of  the  system  of  telephone  dispatching  used  in 
ochester,  N.  Y.,  where,  due  to  congestion,  traffic  handling  is 
unusually  complex:  The  chief  dispatcher  and  several  assistants 
are  stationed  at  a  special  dispatching  telephone  switchboard 
located  in  the  railway  company's  office  building.  This  switch- 
board is  connected  by  means  of  wires  leased  from  the  tele- 
phone company  to  telephone  sets  located  at  every  line  terminal 


816  ELECTRIC  RAILWAY  HANDBOOK 

and  at  main  intersections.    Tdephone  sets  are  also  located  at 
canal  lift  bridges,  grade  crossings  and  other  points  where  delays  are 
liable  to  occur.     Each  motorman  is  required  to  report  immediate 
upon  his  arrival  at  a  terminal.    The  act  of  taking  the  receiver  of 
the  hook  at  the  terminal  telephone  immediately  illuminates  the 
line  lamp  at  the  dispatcher's  switchboard.    The  dispatcher  answers 
the  call  by  pressing  a  key  corresponding  with  the  lamp,  which  places 
him  in  direct  connection  with  the!  motorman.    After  receiving  the 
call  the  dispatcher  gives  the  motorman  the  time  for  his  departure 
from  that  terminal  and  any  special  instructions  that  may  be  needed. 
The  system  in  this  way  gives  the  dispatcher  the  exact  location  of 
all  cars  and  advises  him  of  any  gaps  in  the  service. .  In  case  of 
gaps  he  can  easily  order  out  "trippers'*  to  fill  in  until  service  agao 
becomes  normal.    The  switchboard  used  at  the  dispatcher's  ofiff 
is  made  up  in  the  form  of  a  flat-top  desk  having  mounted  on  it  thee 
turret-apparatus  cabinets.    Two  turrets  include  straight  dispatch- 
ing line  equipments,  while  the  third  is  a  combination  dispatcher's 
and  commercial  board.     During  the  rush  hours  three  dispatches 
are  required,  but  ordinarily  one  or  two  are  sufficient.     Two  of  the 
turrets  contain  forty  dispatching  lines  each,  while  the  third  carnei 
twenty  dispatching  lines  and  also  a  multiple  of  sixty  commercut 
lines  appearing  in  the  railwav  company's  private  branch  exchangt 
This  arrangement  permits  tne  night  dispatcher,  whose  duties  are 
light,  to  care  for  the  commercial  business,  thereby  eliininating  a 
night  operator  for  the  commercial  or  regiilar  private  branch  ex- 
change board.     Space  is  provided  on  the  top  of  the  desk  for  sched* 
ules,  train  sheets,  etc.    A  tier   of   drawers   accommodates   past 
records,  special  schedules  and  a  supply  of  dispatching  stationery^ 
The  train  sheets,  arranged  by  train  number  and  also  in  duonoiog- 
ical  order,  are  always  before  each  dispatcher  so  that  the  whole  traffic 
situation  at  any  moment  can  be  read  at  a  glance.     Not  only  is 
the  best  of  service  under  normal  operating  conditions  assured  by  tins 
system,  but  a  means  for  rapidly  straightening  out  traffic  tan^es 
caused  by  delays  is  also  provided.    The  system  gives  the  railway 
company  a  permanent  record  of  every  train  movement,  late  cars  and 
times  of  accidents.    There  is  also  available  in  cases  of  court  actions 
much  exact  testimony  which  would  otherwise  be  based  upon  the  in- 
accurate memory  of  witnesses.    Furthermore,  train  crews  promptly 
report  trouble  with  cars  and  give  many  details  whichthey  would 
not  bother  to  make  out  in  ymtten  form. 

Local  Battery  Telephones.    Local  battery  telephones  may  be 
divided  into  two  general  classes,  namely,  series  and  bridging. 

Series  Telephone.  (Fig.  31.)  Series  telephones  give  good  service 
where  there  is  only  one  telephone  per  line.  They  have  been  used* 
where  there  are  several  telephones  per  line  b^  connecting  them  is 
series  with  the  line,  but  for  such  service  bndging  telephones  aie 
more  satisfactory.  The  hook-switch,  i?,  is  shown  in  its  raised  posi* 
tion,  so  as  to  connect  the  receiver,  R^  and  the  secondary,  S,  9 
series  in  a  circuit  between  the  binding  posts,  LL,  of  the  instiiuncst*, 
and  at  the  same  time  the  transmitter,  7*,  the  primary,  P,  of  the  in- 
duction coil  and  the  battery.  By  are  connected  in  a  local  circuit  by 
themselves.    This  is  the  condition  for  receiving  or  transmitting 
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speech.  When  the  hook  is  depressed,  as  when  the  telephone  is  not 
n  use,  the  bell  or  ringer,  R\  is  connected  across  the  binding  posts, 
LL.  This  circuit  would  also  include  the  generator,  G,  but  for  the 
•act  that  it  is  normally  shunted  out  by  the  springs,  g  and  ^'.  The 
:ontact  between  these  springs  is  automatically  opened,  however, 
nrhen  the  generator  is  operated  and  then  there  is  current  from  the 
generator  to  the  line  through  the  bell,  R'.  The  springs,  gg\  form 
wYlbX  is  called  an  automatic  shunt  for  the  generator,  their  function 
being  to  remove  the  resistance  of  the  generator  armature  from  the 
circuit  at  all  times  save  when  the  generator  is  in  use. 


Fig.  31. — Series  Telephone. 


Fig.  32. — Bridging  telephone. 


Bridging  Telephone,  (Fig.  32.)  Bridging  telephones  give  good 
service  where  it  is  necessary  to  have  several  telephones  per  line. 
For  this  service  these  instruments  are  bridged  across  the  hne,  that 
is,  they  are  connected  in  parallel  with  each  other.  In  the  bridging 
telephone  the  arrangement  of  the  receiver,  induction  coil,  trans- 
mitter and  battery  is  identical  with  that  of  the  series  telephone 
(Fig.  31).  The  ringer,  however,  is  bridged  permanently  across  the 
line  and  the  generator  is  placed  in  a  circuit  across  the  line  which 
is  normally  open,  but  wluch  is  closed  automatically  by  the  spring, 
^,  when  the  generator  is  operated. 

Telephone  Disturbance.  Annoying  inductive  effects  of  adjacent 
alternating  currents  may  be  sufficiently  reduced  by  transposing  the 
telephone  line  wires  relatively  to  each  other  so  that  the  influences  on 
one  side  of  the  line  shall  oppose  and  nearly  equal  the  influences  on 
the  other. 
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liners 317 
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automatic 505 
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vs.  hand 479 
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straight 498 
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application  time 472 

applied  at  defi.nite  speeds  .    183 

beam  pressure 484 
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standard 485 

electric 509 

controller  for 332 

electro-pneumatic 506 

hand 496 

maintenance 497 
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amount  of  air  used  in 516 

by  bucking  motors 511 

comfortable  rates  of 174 

distance 467,  471,  472 

tests 473 

energy  consumed  in 202 
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Cinder  ballast 30 

Circular  curve,  laying  out. ....     72 
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Coefficient  of  adhesion 139 

Comfortable  rates  of  accelera- 
tion and  braking 174 

Commutating  pole  motors 292 

Commutation,  defective 

27St  282,  283.  291 
Commutator  baking  and  tem- 
perature       276 

defects 278 

grooving 278 

insulation  test 276 

leads,  broken 283 

materials  and  construction, 

275t  a77t  278 
pressure   in   mountmg  on 

shaft 278 

repair  by  water  glass 278 

slotting 278 

tools 279 

sparking  and  flash-over  29 it  293 

wear 279 

Companies,  electric  railway, 
street  paying,  repair- 
ing, cleaning  and  snow 

removal  by 38-41 

Composition  of  rail  metals 52 

Compressor,     air,     alternating 

and  direct  current. ...   381 

dynamotor 372 

energy  requirements. ...   516 
gearless 517 

general  characteristics. .   516 
igh  voltage 515 

inspection 513 
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Standardization  Rules  589 
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Standardization  Rules  589 
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coupler 356,  363 
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spiral 73,  74 
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Drag  scrapers 11 
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"  efficiency  of  corrosion  ".  .    704 
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Embankments,  shrinkage  of . . .  5 
Energy,  see  power. 

and   acceleration,    relation 

between 176 

consumed  in  braking 202 

in  coasting 202 

in    heating    brake-shoes 

and  wheels 203 

in  moving  train 202 

in  starting  resistance. ...    210 
consumption  and  accelerat- 
ing   force,  relation  be- 
tween     3x8 


824 


INDEX 


Pagb 
Energy  consamptaon  chart, 

general 305 

Del  Mar- Woodbury  ap- 
proximation    308 

electric  shovels 19 

length   of   run,   relation 

between 317 

in  practice,  167.  307.  313,  315, 
ai6,  317.  269.  S16,  S42.  SS^, 
736.  737. 
schedule  speed,  relation 

between 218 

starting  resistance 3 10 

traction 301 

regeneration  of 313 

saving  by  field  control. ...  375 
by  high  rate  of  accelera- 
tion   172 

hy  regeneration 313 

by  train  operation 213 

by  use  01  checking  de- 
vices   220 

Engineering    costs    on    electric 

railways i 

News  train  resistance  for- 
mula..    153 

preliminaries i 

Excavation,  classification  of . . .  5 
Expansion  in  laying  rail,  allow- 
ance for 63 

Express  cars 550 

stations 121 

P 

Feeder  anchors 608 

bare  or  insulated 608 

calculations 739 

capacity,    small,    accelera- 
tion with 173 

design  for  city  distribution.  735 

economical  size  of 745 

negative  design 746 

negative  return,  insulated.  723 

positive  design 732 

sections 609 

taps  trolley 606 

wire  stringing 607 

Fences,  snow 32 

wire 33 

Ferro- titanium  steel  rails 54 

Field  coils,  insulation  for 301 

temperature,      measure- 
ment of 234 

tests  of 301 

control 375 

motors,  rating  and  capac- 
ity of 323 

Fire  hose 107 

nozzles  on  standpipes 105 

protection  and  prevention, 

car  house 103 

Flange  friction 147 

Flangeway  on  curves 74 

Flat  cars 23 

Flexibility  of  track 147 

Floor  construction 113 

Force  required  for  train  accel- 
eration   172 

Foundations,  car  house 108 


Page 

Freight  cars 550 

stations. . , ui 

train  resistance 157.  161 

Fresno  scrapers 11 

Friction,  see  train  resistance, 
brake-ehoe   coefficient     of. 

468-47* 
coefficient  of,  wheel  sliding.  469 

flange 141 

rolling 147 

Frogs,  track 78,  80,  flU 

trolley 6n 

Front  end  of  car,  effect  of 
shape  on  train  resist- 
ance  i6t3 

G 

Gage,  track,  on  curves 74 

Galvanizing,  standard  test  for.  dsi 
Gearing  losses  in  railway  motors  2l| 

Gearless  motor sf 

Gear  ratio,  selection  of 230,  il 

Gears    and  pinions,  inspectioo 

and  lubrication  of 

life  of. 308, 

material,  wear,  310,  312, 
measurement  of  wear. . . 

pitch  of 

specifications 

stub  tooth 3 

two  sets  per  motor 3 

effect  of  change  on  charac-     • 
teristic  curves  of  motors  20 

shrink  fits  on  axles 4^ 

solid,  bore  diameter  allow- 
ance   3^1 

pressure  to  place jlf 

Girder  rail  sections 47 

Gotshall  train  resistance  for- 
mula  m 

Grade,  actual,   ruling,    virtual. 

momentum jM 

compensation M§ 

determination  of Jl 

resistance .' . .  1M 

runaway  cars  on f| 

at  station  approach ailj 

Grading 

additional  tracks 

classification  of 

pay  quantities  in. $ 

Gravel  ballast il 

train,  energy  consumption.  «♦ 
Grids,   resistor,   data  on  com- 
mercial  3; 

Grinding  machines,  rail 

rail  and  joints 

Grooved  rail  sections 

trolley  wire 

Groove,  rail,  on  curves 

Ground  area  for  shops 

Grounds  for  lighting  arresters. 
Grubbing  and  clearing,   sped 

fications  for 4 

Guard  rails,  manganese ii 

sections (7 

Guy  anchors ^ 

wire  attachments M  , 

■i 
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Guys,    pole S9S 

trolley  wire 600 


H 


Hand  operated  lamp  signals . . .    796 

Hard  center  special  work 77 

Headway  calculations 135 

Heater,  car,  comparative  costs 

of  various  types 566 

consideration  of  various 

types 564 

electric 566 

hot  air 565 

hot  water 565 

circuits,  car 573 

electric    car,    thermostatic 

control S68 

Heating  buildings 120 

current,  motor,  equivalent, 

231,  234 
Highway  crossing  protection. . .   810 

""oists,  car 134 

irse-power  rating  of  motors. .    221 
,  nre 107 


iCj^and  wind  loads,  wire  tables, 

759-762 

inois  train  resistance  formula.  151 

Lpedance  bonds 803 

ipregnating  compounds 305 

tpregnation  of  motor  arma- 
tures   29s 

fields 310 

iduction  motors 267 

control  for .' 382 

synchronous  speed  .  .268,384 

regulator 381 

Inductive  bonds 803 

Iflutia,  ratio  of  total  to  linear.  171 

Inlfert  special  work 79 

Ii|l}lated  cable,  specifications 
•^  656-663 

•^    negative  return  feeders 723 

I  insulating  joints  in  pipe  or  cable 

[4,             sheath 723 

in  rail 80s 

materials 304 

varnishes 304 

Insulation,  motor  armatures. . .  294 

field  coils. 301 

rubber,  thickness  of, 
Underwriters*  require- 
ments   657 

temperature  limitations  of 

various  classes  of 222 

lator,  cap  and  cone,  stand- 
ard dimensions 624 

(urance    regulations    on    car 

1               houses 103 

Interpole  motors 292 

Interurban  cars 544 

in    city    service,  energy 

consumption 216 

I  •       service,    energy    consump- 

i  "^ :" 
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J 

Joint,  bonded  rail,  resistance. .  693 

rail 56 

cast  weld 59 

Clark-thermit 62 

compromise 63 

design  for  bonds 59 

electric  weld 60 

grinding 64 

in  paved  streets 43t  44 

thermit  weld 61 

welded 59 

Jones  control  system 335 

J  oumal  bearing  for  high  br^ing 

pressure 461 

lubrication  of 319 

semicircular 461 

standard 455 

boxes,  standard 455 

end  wear  of 455 

friction 146 

lubrication 464 

packing  tools 465 

temperatures 465 

K 

Kelvin's  Law,   Kapp's  modifi- 
cation of 725 

Kilowatt  rating  of  motors 221 

Kinetic  energy  head 144 

L 

Ladder  tracks 97-101 

Lead  cable  sheath,  specifications  664 
pipe  and  cable  sheath,  re- 
sistance of 720 

Length  of  rail 52,  59 

of  run  and  energy  con- 
sumption, relation  be- 
tween    217 

and  schedule  speed,  re- 
lation between 217 

Lens,  signal,  size  of 796 

sunlight  in, 793 

Light  connector,  trailer 554 

marker 577 

signal,  sunlight  in, 793 

Lighting,  car S73 

car  house 1 20 

storage  battery 576 

pit 120 

Lightning  arrester  grounds 610 

Linear  acceleration 170 

inertia,  ratio  of  total  inertia 

to 171 

Linemen 610 

Liquid  rheostats  for  motor  con- 
trol     382 

Load  curves,  power  station. ...    201 

Load- time  curve,  motor 233 

Lobby,  car  house 102-114 

Location  surveys,  cost  of i 

Locomotive  brakes 586 

construction 22 

design,  stechanical  char- 
acteristics of 580 
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Locomotive,  driving  wheel  size .   586 

electric 579 

motor  suspension 335 

steam  ana  electric,  tractive 

effort  characteristics. .    580 

Loosening  earth 9 

Losses  in  railway  motors 223 

Low  floor  cars 527 

brakes  for 495,  508 

motors  for 241 

trucks  for 416 

Lubrication      of      motor      and 

journal  bearings 3x9 

gears  and  pinions 323 

Lundie  train  resistance  formula.  15a 


M 

Machine  shop,  area  of z  23 

Magnetic  brake 509 

Maiiloux'    method  of    plotting 

speed-time  curves. ...    185 
train  resistance  formula. . .    152 

Manganese  guard  rails 82 

point  split  switches 80 

special  work 77 

steel  rail 54.  55 

in  steel  rail 52 

Manholes 673 

Manual  block  signal  system 797 

Marker  lamps,  electric 577 

Mass  diagram 6 

Master  controller 356,  363 

Maximum  traction  trucks 411 

Mayari  steel  rail 55 

Measurement  of  rail  wear 65 

Mershon  diagram 729 

Metals,     rail,     chemical     com- 
position of 52 

Momentum  grade 142 

Motors 221-329 

Motor,  alternating-current 265 

armatures  dropping  on  pole 

pieces 317 

impregnation  of 295 

insulation  for 294 

repairs 294 

speed,  maximum; 273 

tests  of 296 

bearings 317 

friction  of ; .  . . .    223 

life  and  lubrication  of . . .   319 

braking  by  bucking 511 

by  reversing 511 

brushes 284 

contact  resistance  loss..  .   224 

double  width 288 

friction 223 

life 288 

maximum  speed 288 

pressure 283 

setting 282 

tests 286 

wear 276 

capacity  and  rating 221 

comparison  by  losses  . .  .    233 
service   requirements, 
comparison.  226,  227,  230 


Pa( 

Motor  characteristic  carves  223,  3, 

effect  of  change  in 
gears,  wheel  diame- 
ter or  voltage 24X 

commutating  pole 291] 

commutator 2}$ 

controllers  for, 235-2ic 

copper  loss . .  . 21} 

continuous  rating  of. .    221, 

core  loss 223,  2. 

curve,  acceleration  on i 

efficiency  of 2 

drive,  methods  of .  .  . .    325,  s; 
field  coils,  insulation  for 

tests  of 

control 

rating  and  capacity  of  ftf  1 

gearing,  losses  in a^ 

gearless. |IS 

gear  ratio,  selection  of 

gears  and  pinions,    inspjec- 

tion  and  lubrication  j$, 

life  of 308, 

material  and  wear, 

310,  312, 

measurement  of  wear. 

pitch  of 

specifications 

stub  tooth 

two  sets  per  motor. . . 
heating  current,  equivalent 

231,  m 

horse-power  rating ail 

induction jqf 

control  for ^ 

interpole 

kilowatt  rating 

list  of,  with  rating,  weight, 
and  controllers. . .  235-3^1 

load- time  curve 233 

location  on  truck 453 

losses 323 

low  floor  cars j[|i 

methods    of    transmitting 

power  to  driving  wheel  i»S 
performance  curves. .  223,  tia 
permanent  series  operation.  JM 

pinion  bore,  taper  of 30? 

pressed  steel 3^ 

quill  suspension 325,  5 

rating  and  capacity  221, 235-2 

preliminary  selection  of.  327 
resistance  of  direct,  current.  i6i 
shaft  straightening. ......  3«6 

single-phase  commutating. 

compensation  of 

direct  current  operation 

366,  jl» 

preventive  leads f6i 

sparking flff 

specified  service,   selection 

for st4 

suspension  of  .^ jl$ 

temperature  limitations  of.  UX 

measurement  of S)4 

tests  of,  in  service 234 

on  stand 22$ 

thermal  capacity  of r     16 

three-phase ^ 
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^otor,  three-phase,  control  for.  382 

tractive  effort 

139, 158, 196,  242,  589 

two  per  axle 3  29 

ventilation 273 

weight 23S-241 

Motormen,  checks  on  operation  219 

Multiple-unit  control 354,  362 

automatic 357,  368 

battery  operated 370 

inspection  of 385 

maintenance  cost 387 

overhauling 386 

resistance 366 

*   Multiple  unit  operation 554 

N 

N'egative  feeder  connections  to 

track 698,  751 

return  feeders,  insulated.. .    723 

systems 746 

Nickel-chrome  steel  rail 55 

^Jickel  in  steel  rail 54 

9|loise    in    track    construction, 

■  V\  reduction  of 4a 

]H>se  suspension  of  motors 329 

OR  storage 119 

Openings,     culvert,     run-off 

V  formulas  for 24 

Overhaul S 

Overhead     conductors,     clear- 

r  ances  for 591 

4        crossings,  specifications  for  645 
«)verload  trip 364 

J  p 

Paint  shop 119 

area  of 123 

:,,         heating 1 20 

Pantograph  collector 404 

Pi^per  insulated  cable,  specifi- 
cations    666,  667 

Paved  street,  track  construction 

in- 33-45 

fay  quantities  in  grading 5 
erformance  curves  of  motors, 

223,  242 

Phosphorus  in  steel  rail 52 

Pinion  bore,  taper  of 307 

Pinions  and   gears,    inspection 

and  lubrication  of . . . .   323 

life  of 308,310 

material  and  wear 

310,  312.  31S 

measurement  of  wear 314 

pitch  of 307 

specifications 308 

stub  tooth 315 

two  sets  per  motor 316 

Pipe  or  cable  sheath,  insulating 

joints  in 723 

current  in 707 

standard  cast  iron,  dimen- 
sions, weight  and  con- 
ductance    710 


Page 
Pipe,  standard  steel  or  wrought 
iron,  dimensions*  weight 

and  conductance 716 

steel,  physical  properties. .   630 

Pit  lighting 120 

repair    shops,    amount    of 

track  with 134 

track 114-118 

Platform,  car,  standard  height.    550 

Plow  collector,  slot 409 

Point  switch. 81 

Pole  butt  reinforcement 792 

cedar 632,  634 

chestnut 631 

clearances 592 

eastern  cedar 632 

framing 592 

guys 595 

preservative  treatment  of . .    772 

rake  of 593 

reinforced  concrete 63s 

setting 592 

concrete 593,  781 

spacing 592 

steel 625 

trolley  line 624 

western  cedar 634 

wood,  classification. ......   625 

Portable  cross-over 85 

substation 732 

Positive  feeder  design 732 

Potential  survey 707 

time  curves. 195 

Power,  see  Energy. 

factor  time  curves. 196 

requirement    at   power   or 

substation 200,  201 

?:raphical  calculation 198 
or     train     during     ac- 
celeration     197,  198 

average 196 

at  constant  speed 1 97 

shovels IS 

electric 18 

stations,  engineering  costs 

on 3 

load  curves 201 

effect  of  temperature 

on 167 

-time  curves. 196 

Preliminaries,  engineering  cost 

of 1 

Preservative  treatment  of  poles, 

crossarms  and  ties 772 

Profile,  virtual 143 

0 

Suantities,  pay,  in  grading. ...        5 
uill  suspension  of  motors,  325,  579 

R 

Radial  axle  trucks 4x1 

Rail,   allowance  for  expartsion 

in  laying 63 

alloyed  steel S3 

bending 70 
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Rail    bonds,  amalgamated  ter- 
minal   691 

bolted  terminal >..  691 

brazed  terminal 691 

city  track 44,  45 

compressed     and    e  x  - 

panded  terminals 689 

economic       replacement 

resistance 700 

failure  in  service 69a 

ideal 691 

length 693 

resistance ^ 693 

size . . , 697 

soldered  terminal 69 z 

special  work 697 

testing 700,  70a 

braces  in  city  track 44,  45 

cable  connection  to. . .  698,  75 1 

city  streets,  type  of 38-41 

conductor,  British  Stand- 
ard Method  of  Speci- 
fying resistance 679 

composition      and      re- 
sistance    674 

temperature  coefficient.   680 

corrugations 64 

curves,  life  increased  hy 
wheel  flange  lubri- 
cation  466 

curves,  special 48 

ends,  beveled 64 

finish  of 63 

ends,  undercut  of 64 

ferro-titanium  steel 54 

grinding 64 

machines 65 

groove  on  curves 74 

^^rooved,  for  M.C.B.  flange.     48 

joints 56 

bonded,  resistance 693 

cast  weld 59 

Clark-thermit 6a 

compromise 63 

design  for  bonds, S9 

electric  weld 60 

grinding 64 

paved  streets 43 

thermit  weld 61 

welded 59 

length 52,  59 

metal,  composition  of . . .  .      52 

paved  streets 43 

resistance 694 

sections 45-50 

wear,  measurement  of 65 

Rake  of  poles 593 

Rankine    train .  resistance   for- 
mula     153 

Rating  and  capacity  of  railway 

motors 221 

Reactance,  wire  tables. . . .    766-771 

Reciprocals,  chart  of 187 

Regeneration,  energy  saving  by  213 
.Regenerative  braking. .- . . .    2 13,  s  1 1 

>air  shop,  area  of 133 

amount    of    track    with 

pitsin.,... ...    134 

m  of 121 
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Repair  shop,  cranes  in 133 

number  of  cars  per  track  134 

track  spacing  in 133 

transfer  tables  in 133 

Resistance  calculations,  control.  34^ 

connections,  control 340 

direct-current      railway 

motors 264 

lead 720 

multiple-unit  control 366 

pipe 710,  716 

rail 674, 694 

starting,  energy  consump- 
tion in 210, 

loss  in 2i« 

steps,  number  of  in  control.  346 

third  rail 674 

train i^ 

wire  tables, 

per  1000  ft 753,  754 

per  mile 755,  75* 

Resistivity  of  conductors ^^ 

Resistor   grids,   data    on    com- 
mercial  3jM? 

Retardation,  measurement  of. .  iM~ 
Return  feeders,  insulated  nega-    -  " 

tive 

systems,  negative 7j 

Reverser,  control 357, 

Reversing  motors  for  braking. . 

series  motors 34^ 

Rheostatic  control 331 

Rheostats,    liquid,    for    motor 

control. , 38i 

Right  of  way,  cost  of f 

fences 3I 

Roadbed  and  tracks* i-fk 

Roadbed    construction,    street 

railway 33-4^ 

in  paved  streets. ...   33,  42,  43 

Roller  trolley iio 

Rolling  friction 147 

Rolling  stock 525-SI7 

Roofs,  car  house It9 

Roof  supports,  car  house ItS 

Rubber     insulated     wire     and 

cable,  standard 6$^ 

*  insulation,  thickness  of. 
Underwriter's  Re- 
quirements  6s  j^ 

Ruling  grade X4i- 

Runaway  cars  on  g^rades U 

Run  curves I77 

length  of,  and  schedule 
speed,  relation  be- 
tween  21; 

typical,  determination  of.        f^ 
Run-oS    formulas    for    culver 
openings , 

S 

Sag,    minimum    allowable,    ic 

line  wire » 

wire  tables,  600,  607,  618,       d 

763.  764,  5 

Salt  storage 9 

Sand,      character      for      track 

sanding | 


schemes  tar  suburban 

Page 
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trolley  operated 

•;;S 

Simmen  signal  system 
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Standardization   Rules,    Amer. 

Inst.  Blec.  Engrs.,  221,  589 
Stand  pipes,  universal  nozzles 

on lOS 

test  of  railway  motors. ...   225 

Starting,  train  resistance  at 167 

Station  approach,  track  grades 

at 212 

express  and  freight 121 

heating 120 

load,     power,     effect     of 

temperature  on 167 

power,  engineering  costs  on       3 
Steam     locomotive^   compared 

with  electric sSo 

passenger    service    energy 

consumption 216 

shovels IS 

Steel  rail  resistance 674,  694 

trestles,    design    and    con- 
struction of 27 

Step-by-step     method,     speed- 
time  curves 178 

Stock  room,  shelving  for 118 

Stone  ballast,  broken 28 

Stops,  frequency  and  duration 

of 136 

Storage  battery  cars 540 

Storeroom,  area  of 123 

shelving 118 

Straight  line  acceleration 178 

speed- time  curves..   190,  193 
Stranded  wire  tables,  7S4t  756,  7S7f 

759.  760,  761,  762 
Street    paving,    repairing    and 
cleaning  by  street  rail- 
way companies 38-41 

railways,  engineering  costs 

on I 

roadbed  construction.  33-37 

track,  city 33-45 

Streets,  city,  type  of  rail  in.  .^  38-41 
paved,   track  construction 

in 33-45 

Substation     number,     location 

and  design 733 

Suburban  service,  energy  con- 
sumption    215 

Subway  and  tunnel  sections.  90-92 
Sunlight,  discemibleness  of  light 

signal  in 793 

Superelevation  of  ;outer  rail  oh 

trackcjKVes 68 

Surveys,  electrolysis 706 

Surveys,,  k5cation,  cost  of i 

Suspension  of  motor 325 

Switch,  electric  track 92 

points  and  mates 78 

stands 84 

ties 84 

Swivel  trucks 411 

Synchronous  speed  of  induction 

motor 268,  384 

T 

Tandem  control 383 

Telephone,  bridging 817 

dispatching  by 815 
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Teleph9ne,  local  battery 816 

series 816 

Temperature,    effect  on  power 

station  load 167 

effects  on  train  resistance. .  166 
limitations^  of  various 
classes  of  insulation..  222 

of  motors 221 

Tempjorary  cross-over 85 

Terminology,  standard  wire  and 

cable 6ss  I 

Tests  of  armature  ceils 297 

of  electric  car,  methods ...  21: 
of  insulating  materials. ...  305 

of  motor  armatures 296^ 

field  coils 301 

of  motors  in  service S|| 

Thermal  capacity  of  motors. , .  jrf 

TJiermit  weld  rail  joints fa 

Thermostatic- control  of  electric 

car  heaters j^' 

Third    rail,    British    Standard 
Method  of  Specifying 

Resistance 61 

clearances,  standard. ...  61 

collector 

composition 

contact  shoe 

life  of 

gage,  definition , 

and  elevation 

insulation 68i 

location,  standard 6u 

operation    in   snow   and 

sleet. 6&I 

protection 68^ 

resistance 6't 

sections  and  weight 61 

shoe ^Oj 

sleet  remover o8J 

support 6St 

temperature  coefficient..  680 
Three-phase  induction  motors.  2^ 

motors,  control  for S0i 

transmi.ssion  line    calcula- 
tions   TJS 

Three-speed  control  system 3iS 

Tie  plates  in  city  track 44 

rods  in  city  track 

spacing 

Ties. 

paved  streets 4] 

preservative  treatment  of.  77^ 

switch U\ 

zinc-treated,     and     signal 

track  circuits 

Tile  duct  conduit  construction.  6i 

specifications 

Timber,  seasoning , 

Time  and  distance  run,  relatio] 

between 

Tire,  steel,  holding  power 

Titanium  in  steel  rail 

Ton,  standard 

Track  and  roadbed |^  | 

Track,  additional,  grading  for. .     IS 

bolts  and  spikes 16 

bonding I> ' 

bumpers 
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Track,  car  house 97 

spacing  and  clearance  102 
circtiit,  signal,  double  rail.    803 

sinsle  rail 802 

ana  zinc-treated  ties. .   805 
construction     in     paved 

streets .•••..•   33~*45 

reduction  of  noise  in 42 

*  curves,  designation  of 68 

I  laying  out 72 

radius  of 68 

resistance 167 

\m  superelevation   of   outer 

WL  rail  on 68 

W        flexibility 147 

I  \         gage  on  curves 74 

*  grade,  determination  of . . .     67 

at  station  approach 212 

laying 65 

D  machines 66 

j'        paving  in 33-45 

!•%        pits I14-118 

r        rails,  cable  connection  to, 
}    -^^  698,  751 

I        •        potential  drop 722 

I  resistance ,  694 

resistance 69s 

Sanders. 564 

,  spacing  in  repair  shops,  . . .    133 

,    spikes 67 

Tractive  effort,  139,  158,  196, 

242,  589 

Trailer  light  connector 554 

operation 555 

T-iTail  sections 45 

special  work  for 79 

Tkain  acceleration 170 

'         force  required  for 172 

J       control 354 

*  energy  consumed  in  mov- 

mg 202 

.     movement 135-220 

operation 554 

in  city  service 558 

energy  saving  by 213 

resistance 146 

decrease    as    train  pro- 
gresses     166 

^  »^         effect  of  shax>e  of  front 

i  .  •  end  of  car 163 

.  formulas 147 

W  comparison  of 153 

f  freight 150,  157,  161 

at  starting 167 

•l  temperature  effects  on . .    166 

*  sheets 137 

stops,  automatic 813 

clearances  for 815 

^  Ti    .isfer  tables  in  car  houses. . .    102 

L  in  repair  shops 133,  134 

i  Ti     isition      control      changes, 

f  series  to  parallel 331 

!  T;    iismission  and  distribution, 

I   _,  589-782 

I   Ti    ismission  line  calculations.    726 

I  three  phase 732 

construction,  railway. . .   64s 

[  engineering  costs  on ... .        2 

I  power  loss  and  regulation  726 


.    .  Page 

Transmission  voltage 726 

wire  spacing 725 

Trestles,      steel,      design     and 

weights  of 27 

wooden,  arguments  for 25 

design  and  cost  of 26 

Trolley  base 396 

location  of 400 

bow 404 

brackets 597 

collector,  top  contact 408 

defects '. 393 

feed  sections 609 

frogs 602 

harp  details 394 

inspection  and  lubrication.  398 

operated  signals 798 

pantograph 404 

poles 399 

retriever 399 

roller aoS 

sections 609 

spans 599 

troughs 113 

underground 687 

wheel  bushings  and  lubri- 
cation    391 

composition  of 391 

current  capacity  of 396 

details 394 

life  of 392 

pressure  on  wire 392 

types  of 391 

wire   construction, 590 

curves 600 

feed  taps 606 

grooved  section 624 

guys 600 

height  of S97 

A.I.E.E.  standard 590 

sections 624 

sleet  on 394 

specifications 622 

splices 600 

stringing 599 

supporting      system, 

choice  of 597 

Troughs,  trolley 113 

Trucks, 411-466 

Trucks,  classification  of 411 

lengthening  short 453 

location  of  motors  on 453 

methods  of  lifting  cars  from   134 

parts 427 

wheel  base  of 452 

minimum  curve  for. . .   454 
Tunnel  and  subway  sections.   90-92 

Twin  motors 329 

Typical  run,  determination  of..    177 

U 

Undercut  of  rail  ends 64 

Underground  trolley 687 

Universal  nozzles  on  standpipes  105 


Varnishes,  insulating 304 


832 


INDEX 


Page 

Velocity  grade 142 

head 144 

Ventilation  of  cars 569 

motor 273 

Vestibule,    shape  of,  effect  on 

train  resistance 163 

Virtual  sprade 142 

pronle 143 

Voltage,  distribution,  choice  of.   734 
effect   of  change  on  char- 
acteristic    curves     of 

motors 242 

transmission 725 

W 

Waf^ons 14 

Waiting  room  heating 120 

Walls,  car  house. 108 

Wash  room,  car  house 119 

area  of 123 

Water    glass,    repair    of    com- 
mutator by 278 

power    plant,    engineering 

costs  on 4 

Watt-hour  meter  on  cars 220 

Weatherproof     braid,     specifi- 
cations  663 

wire  tables 757 

Weight,  car,  effect  on  train  re- 
sistance     147 

on  operating  costs. ...    525 

transfer  in  braking 480 

wire  tables, 

per  1000  ft..  .753.  754,  757 

per  mile 755-757 

Weld,  electric,  rail  joints 60 

thermit,  rail  joints 61 

Welded  rail  joints 59 

Welkner   train    resistance   for- 
mula     152 

Wellington    train    resistance 

formula 152 

Wheelbarrows 10 

Wheel  base  of  trucks 452 

wheel     diameter,     curve 

radius. ^ 454 

cast  iron,  dimensions 43^ 

weights  of 435 

defect  gage 448 

defects 447 

diameter 45^ 

effect  of  change  on  char- 
acteristic    curves     of 

motors < . . .    242 

flange  lubrication 465 

standard  dimensions. ...   452 

thin 443.  447 

flat 447 

gage 448 

where  measured 452 

grinding 437 

fife ; 446 

locomotive   driver,    diam- 
eter of 586 


Pagi 

Wheel  mounting  on  axle 444^ 

pressure 44] 

scrapers i] 

shrink  fits  on  axles 

sliding,   coefficient  of  fric- 
tion.  

slipping  point  of 14] 

steel,  dimensions 440.  451 

mileage  between  turnings  44I 

specincations 43! 

^  tolerance  gage  for 44I 

tire,  steel,  holding  power., 
tresid,     effect     on     wheel 

weight 

and  flange,  standard  di- 
mensions   

trueing  brake  shoe 

.   turning 

wear  inspection 

Wind  coefficient ii 

pressure.^ i<l 

on  various  shapes i< 

velocity. i( 

Wire  and  cable,  insulated,  speci- 
fications .  • 65< 

terminology,  standard.,  .j 

fences 

tables. 7S2 

aluminum,  f 

754.  756,  761,  762;; 

copper , 753^ 

current  carrying  capac- 
ity  

ice  and  wind  loads. .    759-I 
insulation,    thickness   of  ,  -^  | 
rubber.    Underwriters* 

Requirements 

reactance 766-^ 

resistance, 

per  1000  ft 753. 1\ 

per  mile 755.  7! 

sags,  600,  607,  618,  619.  7( 

764. 

size 753*1^3 

solid,  753,  7SS.  757.  76^ 
stranded, 

754.  756,  757.  75< 

weatherproof 

weight, 

per  1000  ft.    753.  754. 

per  mile 755-1 

Wooden -trestles,  arguments  for. 

design  of 

Wood  preservation 71 

shop,  area  of xi 


Zinc  chloride  wood  preservation. 
Zinc   treatment,    effect    of.    on 

spikes 

Zinc  treat^  ties,  effect  on  signal 

track  circuits 


'V'l^*^ 


399S0 


am 


i 


r 

■ 
■ 

L'   » 


If 


ftimosoTSt? 


r 


i 


ftl07653731t 


b89078537396« 


r: 

'VI 

>- 

■_    n 

ft" 

1 

T"^ 

H 

•    * 

V 

n 

■•-J 

> 

^ 

«' ... 

<i' 

:-: 

I J 

o 

IL.  ^ 

v,\ 

1^  J 

?/  3 

t           9 

i.             A 

-     * 

v£ 

ft 

r 

k                ■ 

